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An Ij^The Geology of Phillip Idand. 

By A. B. EDWARDS, D.Sc. 

[Retd 13th July, 1944; imed separately 10th December, 1945.1 

▲bstmot* 

Phillip Island, which lies across the month of Western Port Bay, oon- 
list* of a targe central iilaiid, to which is tied a numbtf of smaller islands 
at both its sooth-eastern and south-western extremities. It represents the 
footh-eastenk interfluve of the river that wu drowned to form Western 
Port Bay. The hod slopes gently northwards, and there are few permanent 
ttreanu. High cliffs occur ahm the esepoted southern coast, while the 
low northern coastline, in the sbdter of Western Port Bay, is prograding. 
The island consists cssenttally of a number of flows of Ternary Older 
Volcanic basaltic intercalated with thick beds of ochreous red tuff and 
agglomemte, and overlying Jurusic and Palaeosok sediments and Palaeo¬ 
zoic granites. 


Introdiiaiioii. 

Phillip Island, which lies across the mouth of Western Port 
Bay, is 13 miles long and 5^ miles wide at its widest point. It 
has an area of about 60 square miles. On the eastern side it is 
separated from the San Remo Peninsula by the narrow Extern 
Passage, which is from ^ to } of a mile wide, and has a maximum 
depth of about 30 feet. On the western side it is separated from 
the Momington Peninsula by the Western Passage, which is from 
2i to 6 miles wide, and has a maximum depth of 90 feet. These 
two channels separating the island from the mainland are the 
drowned valleys of streams which were either overdeepened 
during a low sea•le^'el period of the Pleistocene Ice Age or sub* 
merged as a result of subsidence during the Quaternary. The 
island represents the southern interfluve of the old Western Port 
River. The tidal range at Cowes, on the northern coast of the 
i.sland, varies from 7i feet at neap tides to 12 feet at spring tides, 
and the tidal race through the Passages develops a maximum 
velocity of 6 miles an hour. 

CouPosiTB SnucTuas. 

As shown in fig. 1, Phillip Island is a com^ite island. It 
consists of a large central island, to which is tied a number of 
smaller islands. 

The narrow south-western extremity of the present island 
consists of two small tied islands, here called Ilian’s Island 
and Summerland's Island, and The Knobby. Phelan’s Island and 
Sumineriand’a Island are joined to the main island by a Y-shaped 
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tombolo which encloses the partly silted>up fiesh-water lagoon 
of Swan Lake The Knobby is connected to Summerland s 
Island W a storin*wave platform that is covered at high tide 
(PI I ,ag 1) About i mile to sea, south-west from the I^obby, 
IS a furt^ small island, Seal Rodcs (PI I, fig 1) The sub- 
manne contours show that it is an integral member of this group 
of small islands (^ 1) They are all composed of a senes of 
basalt flows from 20 to 30 feet thick, separated by thin red beds 
of tuff or weathered basalt (flow tops) along which erosion is 
concentrated The lava-flows he almost honzontal, but the surface 
of Summerland’s Island slopes evenly to the north-west This 
senes of islands is part of the ridge forming the south-eastern 
interfluve of the old Western Port River, and the passages 
between them represent the valleys of small streams tnbutary to 
this nver The valleys between Phelan’s Island, Summerland s 
Island, and the main island were first drowned, and then silted 
up, following the growth of bars across both ends of the channel 
Ine valley Mtween The Knobby and Summerland’s Island was 
left as a low level tract more subject to wave erosion than the 
higher land to the north-east and south-west Lrosion was con¬ 
centrated along a red band between the tide levels 

The valley between Seal Rocks and Ihe Knobby is too deeply 
drowned to permit the growth of spits in such expo8ed> water 

The narrow south-eastern extremity of Phillip Island also 
consists of a group of small islands tied to one another and to 
the main island The most prominent of these tied islands is 
that formed bv the Cape Woolamai granite stock which is linked 
to the main island by a tie-bar ^ mile wide, carrying sand dunes 
over 100 feet high (Hills, 1940, p 229) The inner ti«l islands 
are rounded tops of low basaltic hills that rise only 50 feet above 
sea-level, and represent the higher land between a senes of small 
valleys, some of which were tnbutan to the Eastern I^ssage, 
and some to the drowned Western Port nver system 


Topography. 

The island has a gently undulating surface with a general 
slope to the north, so that whereas the cliffs along the southern 
coast nse to he^ts of 150 feet, those along the northern coast 
are only about zO feet high The highest point of the island, 
apart from Cape Woolamai (300 feet), is Quoin Hdl (250 feet), 
a volcanic plug about 1 mile north-east of Swan Lake Only 
four other Mints, Black Hill on the Ventnor-Knobby road, 
Ktchardson Hill in the centre of the island the adjacent hill in 
allotment 54 and the hill to the south-east of Quoin Hill rise to 
200 feet above sea level A water parting extends from Quoin 
Hill to RhyU 
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In the interior of die islend, the valleyi are shaQotr 
depressions trending chiefly to the north or north-west (flg. f). 
Near the coast, the valle^ become more pronouoeed, and die 
valley slopes are somedmcs steep, pardcularly along the south 
coast. The only permanent stream, the Native Di^ Creek, is 
short and flows into Bass Strait between Helen's Head and 1^- 
cliff Head, through a gorge about 150 feet deep. 

Water Supply. 

Water supply is a serious problem on the island. The nunfall 
Ls about 30 inches a year, distributed as shown in Table I. 


Tabls 1.—Avibagi Mohtbly Raihpau. 


Jamttrr 



Poiitta. 

.. m 

Fdinury .. 



.. 1S4 

March 



. 347 

Apnl 



3M 

Mar 



.. 393 

June 



.. 330 

July 



.. 300 

Attfuct 



.. 387 

SepUnbcr .. 



.. 387 

October 



362 

November .. 



.. 318 

Dooenber .. 



.. 306 


Potable water is available from shallow wells along the back- 
shore near Cowes township, and most of the local suraly is 
pumped from these wells. The water lies at depths of from 
5 to 10 feet, and the water level fluctuates with the tide9, owing 
to the banking up of the seepage at high tides. The water is 
hard and somewhat saline as is indicated by the analyses Nos. 1 
and 2, in Table 2, which were supplied by the courtesy of the 
Shire Secretary. 

In the interior of the island, water is obtained from a number 
of wells and bores between 50 and 100 feet deep. The water is 
suitable for stock, but too mineralised for human consun^on 
(Table 2, No. 4). It seeps down the columnar joints ot the 
liasalts and accumulates at the base of the basalt flows where they 
overlie more or less impervious tuff beds. 

Springs occur at several localities. A spring of fre^h water 
occurs on the northern side of the hwh sand dunes, in the reserve 
between allotments 148 and 151, in the narrow neck of land south 
of Swan Comer. The dunes overlie a thick bed of tuff, the 
surface of which slopes to the north. Rain water apparently 
percolates inland along this surface. Springs of mineralised 
water occur on the northern side of the Cs^ie Woolamai granite, 
where the water has penetrated joint planes in the granite, and 
also close to Cape Woolamai itwf (Blandowski, 1«57, p. M). 
Summerlud's House in the south-west of the island obtains 
much of its water from a spring that issues on the northern side 
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of the tie-bar joining Summerland’a Island to the main island. 
Mr. V. G. Anderson has kindly supplied an analysis of the water 
of this spring (liable 2, No. 3). 

Tabu 2 .—Amaltsis or Wsu amd Sniwo Waiu, Phoup Islanb. 



0b«. per 

litre.) 




1 

a 

a 

4 

Cb 

.. tui. 

ii.d. 

lU 

69 

Hf 

.. nA 

tud. 

30 

133 

Nm^ K 

70 

45 

136 

819 

a 

.. 100 

65 

634 

1249 


B.d. 

Bud. 

18 

65 

HCO, 

nA. 

ii.fL 

478 

355 

NO, 

04 

.66 

.9 


SiO, 

n d. 

n.d. 

14 


A1,0, 

.. tud 

n d 

4 


rtgO, 

.. n.d. 

B.d. 


11 

ThmI 

.. 470 

340 

1027.9 

2701 


1. Mathew’i Well, Cowet, Mardi, 1937. 

2. Univerwty Camp Well, Cowet, ifaaxh. 1937. 

3. Water {rom Summerland’t Spring, February, 1934. 

4. Water at 117 ft., and riling to 100 ft, in Bore 8» allot. 13. (Rec. 

Boring Oper., 1926, p. 60). 

Th« OoastUnM. 

The northern and southern coastlines present a striking con¬ 
trast, partly owing to the marked difference in the strength of 
wave attack to which they are subjected, and partl>[ owing to 
the nordierly sltm of the surface of the island, which greatly 
reduces the cliff height on the northern side. 

The Southern Coastline. 

The southern coastline is exposed to the full violence of south¬ 
westerly gales sweeping across Bass Strait It forms two large 
concave arcs, one on either side of the promontory leading out 
to Pyramid Rock, and consists of three sections of unequal 
length. 

The western section, which is the longest, extends from The 
Knobby to near Sutherland's Bluff, where only a narrow neck 
of land, f mile wide, separates Swan Comer from Bass Strait. 
This section consists of steep to sheer cliffs, 50 to 150 feet high 
(PI. II., fig. 1), broken at irregular intervals by short stretches 
of sandy b^ch. The cliffs are cut in basalt and in thick beds of 
tuff and agglomerate. The steeper cliffs are cut in the basalts 
and as many as five successive flows of basalt, more or less 
horizontal, are exposed in the diff faces, and stormwave plat¬ 
forms at thdr ba^ (PI. I., fig. 1). In places, the uppermost 
lava-flow has been so eroded as to form an amphitheatre-like 
depression in the cliff tops (PI. I., fig*,fl)< These depressions 
are not related to drains^ lines, and it is difficult to explain 
their origin. 
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The almost vertical black cliffs in the basalt contrast strongly 
with the higher, less steep cliffs in the bright red-brown tuffs and 
agglomerate The tuffs and agglomerates on^ occur at intervals— 
namely, at P’helan’s Bluff, R^cliff Head, Smith’s Bluff, Suther¬ 
land’s Bluff, and at Forrest Caves and the unnamed bluff west of 
It At each loiality the tuff or agglomerate overlies more resistant 
basalt flows, which, at Phelan’s Bluff and Redcliff Head, form 
the base of the cliffs for 10 to 20 feet above high tide level At 
Phelan’s Bluff, the tuff has been cut back so far that it is now 
beyond the reach of all but the largest waves and is faced with 
a boulder beach The resulting double storm-wave platform at 
first sight suggests a recent coastal emergence of 14 feet (PI li , 
fig 3) 

All the headlands, and any straight sections of cliffs are fronted 
by storm wave platforms (Edwards, 1941) These become 
narrow on the sides of the headlands, and in the smaller inlets 
they give place to steep boulder beaches, while in the larger inlets 
they give place to sandy beaches I he platforms are covered at 
high tide They tend to be widest where the cliffs are relatively 
low, and grow narrower as the cliff height increases Ihe widest 
platforms are in the vicinity of Smith’s Beach, where they are 
up to 300 feet wide The surface of a platform frequently coin¬ 
cides with the top of a horizontal basalt now (PI I, figs 3 and 4) 
The tops of the flows are commonly marked by a red band of 
decomposed rock or tuff from a few inches to a foot or more in 
thickness The red band is less resistant to wave attack tlian the 
overlying columnar basalt which is readily sapped The surface 
of the resulting platform is generally level (HI fig 4), but it 
sometimes shows an abrupt ' step-up ” in level (PI I, fip I, 4) 
This results from the columnar structure of the basalt flow above 
the red tend The basalt generally consists of an upper layer of 
columns with closely spaced horizontal joints and a b^ of broad 
stumpy columns with few horizontal joints (PI I, fig 3) The 
junction of the two sets is a plane of weakness and the wave 
attack may be more effective in eroding the upper layer of 
closely jomted columns than in sapping the whole thickness of 
the flow Where this has happened, the platform "steps up’’ 
the height of the lower columns (PI I. fig 4) At an advanced 
stage of the erosion of such a " step up,’’ only isolated individual 
columns remain, rather like bollards, on the surface of the plat¬ 
forms (PI I, fig 5) 

Residuals of the upper flow sometimes remain as rock stacks 
on the storm-wave platforms (PI I, figs 2 6) Pyramid Rock 
at the midpoint of this western section of the southern coast, 
IS a rock stack of residual basalt columns, surrounded by a 
"skirt” of scree on an irregular pbitform of pmkish gramte 
(PI II, figs 1, 2) The granite platfonn is separated from the 
mam island by a narrow channel formed along a master joint 
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Ihe surfaces uf the storm-wave platforms are relatively 
smooth where they retain a veneer of the red band (PI I. fig 4) 
Where the red band has been stripped completely from the plat¬ 
form, Its surface is usually grooved by a network of gutterwaysi 
whKh follow the columnar joints of the basalt Ihe basalt 
adjacent to the joints shows apparent pseudo-flow structure 
parallel to the jointing fhis is an effect of directed attntion by 
sand and similar hne material swept along the gutterways 

Some platforms show slopine surfaces and abrupt changes in 
level where thev are cut in gently dipping basalt flows of different 
hardness, or where, as at the eastern end of Smith’s Beach, thm 
intersect a sloping bed of siliafied gravel intercalated wiui 
the basalts Pot holes, containing more or less spherical pebbles, 
are sometimes present 

borne platforms show a well-defined " rampart ” at their sea- 
viard ed«, but others lemain uniformly level nght to the edge 
( PI 1, figs 1, 2) The seaward face or ‘ nip " (Edwards 1941) 
is steep to vertical, though sometimes bevell^ at the top 

The line of cliffs is broken at bummerland s Bay and at Kittj 
Miller’s Bay by stretches of beach, backed \iy sand dunes up to 
50 feet high These cap the tie lars joining biimmerland's Island 
and Phelans Island to the main island At the head of Kitty 
Miller s Bay, the dunes have huned a boulder beach nsing for 15 
lo 20 feet alwve high-tide level 

Small bay-head beaches occur in the embayments near Helen s 
Head, at the mouth of Native Dog Creek (Barry’s Beach) and at 
a few other points The cliff line is otherwise unbroken as far 
as Smith s Beach, where there is a long stretch of beach with 
dunes accumulating on sloping cliffs of weathered basalt overlain 
by latensed tuffs East of this point the proportion of beach to 
cliffs and storm-wave platforms increases, until beyond borrest 
Laves the transition to the second section of the coastline is 
complete 

The second section of the southern coastline extends from 
1 orrest Caves to the beginning of the granite cliffs near Cape 
Woolamai It consists of a sandy beach with occasional outcrops 
of basalt in the shor^latform and is backed by cliffs cut in sand 
dunes that nse to 100 feet above sea level and form the tie bar 
connecting the tied islands to the main isbind The dunes are 
migrating inland Forrest Caves are two small caves about 
10 feet high cut in the face of a storm-wave platform of latensed 
tuff Their roofs have partly collapsed, and they are submerged 
at high tide 

The third and most ri^iged section of the coast consists of the 
granite cliffs in the vicimty of Cape Woolamai The tilt of the 
surface of the granitic sto^ at S” to the north (Edwards 1942) 
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results in an increase of diff heMt southwards, until at Cape 
Woolamai the cliffs are about 250 feet h^h. The cUffs along tiNh 
south-western side of the tied island, facing the strongest wave 
attack (H. II., figs. 5,6) present a bolder and more rug^ aspect 
than those on the south-eastern side (PI. 11., fig. 4). Erosion 
has driven deeply along the joint planes of ffie gramte, forming 
gorge-like indentations (PI. II., ng. 6), sometimes fronted by 
jagged pyramidal rock stacks, cut off from the cliffs at high 
tide (PI. II., fig- 5). Storm-tossed boulders are found along even 
the highest cliff to^. On the south-eastern side of the tied island 
the cliffs are very steep, but the headlands are widely spaced 
lietween smoothly curved embayments, and the shallow bayneads 
are backed by a narrow, shelving beach (PI. II.. fig. 4). There 
are no storm-wave platforms along this section of the coast, 
presumably because the rocks are too hard to permit any 
distinctive low-tide erosion (Edwards, 1941). 

Proceeding northwards aloi^ the Eastern Passage, the height 
of the cliffs decreases, until a little north of the old granite quarry 
and its jetty they give place to smoothly round^ sand dunes 
(PI. II,, fig. 7), which are migrating northwards along the tie-bar, 
and occasional outcrops of basalt at sea-level. Still further north, 
the coast is protected from all wave attack, and the high-tide level 
is marked w a slight nip, with trees and grasses coming down 
almost to high wrater level. 

The Northern Giastlinb. 

The northern coastline is largely screened from wave attack by 
French Island and by the easterly extension of the Momington 
Peninsula to Sandy Point. These obstacles prevent the devdop- 
inent of large waves under the influence of northerly winds, even 
during nles. The composite tie-bars and islands at the eastern 
end of fillip Island effectively shelter the island from south¬ 
easterly winds, and prevent rollers from passing through the 
Eastern Passage. The broad Western Passage, however, faces 
directly towards the south-west, and affords an easy passage for 
waves and rollers coming from tiiis direction. Where these waves 
impinge on the northern coastline in the vicinity of The Knobby 
and along the north-western side of Summerland's Island, they 
have cut steep cliffs in the basalt comparable with those along 
the southern coast. Further from the mouth of Western Passage 
the strength of the wave action is reduced hy the shallow reefs 
and banks in the Passage, and the land surface becomes lower. 
A bandy beach begins at Cat Bay (PI. III., fig. 3), and extends 
with only minor breaks almost to Rhyll. Beach cusps are often 

E rominent along the section between Cat Bay and McHaffie’s 
leef. In the sheltered part of Cat Bay, a sand ridge has formed 
in front of the cliffs, from which it is separated by a shallow 
swale (PI. III., fig. 3), and high dunes have formed along the 
tie-bar joining Summerland’s Island to the main island. Cliffs 
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up to 50 feet high persUt from north of Cat Bay jetty to 
McHafiie’s Reef. Iliey are cut chiefly in red tuff or (wcomposed 
basalt. The tuff overlies die iMsalt. Fresh basalt is exposed only 
below high tide mark at the headlands. Sand has accumulated 
on top m the cliffs, and is migratinj^ inland. Wind erosion has 
exposed numerous calcareous concretions and root moulds. 

At McHafRe's Reef, vertical cliffs up to 50 feet high occur in 
sloping beds of red tuff, overlying weathered basalt (PI. III., 
2), and a small storm-wave platform has been cut in the tuff 
on the northern side of the headland (PI. III., fig. 1). 

North of McHaflie’s Reef, the coastline trends about SO^N. 
of E., so that the south-west waves set obliquely to the shore. 
Longshore drifting of the sand tends to silt up the creek mouths, 
and the cliffs, which are reduced to 25 feet in height, are faced 
bv one or two sand ridges,along the backshore. Low vertical 
cliffs recur at Penguin Point, where beds of red tuff come down 
to sea-level. Hie northerly dip of these beds causes them to strike 
across the line of the beach. 

Beyond Penguin Point, the coastline trends east. The low 
sandy cliffs continue behind a widening stretch of sloping sandy 
beach, with a broad shore platform cut in basalt or tuff uiowing 
at low tide. The coast is prograding and the shoreline has 
advanced about 100 yard.s from the cliff. According to infor¬ 
mation received from residents, the advance is about 1 yard a 
year. The back shore consists of one or more ridges of fixed 
sand, separated from the old cliff line by a broad swale. The 
beach slopes steeply between high and low water marks, and 
at low tide there is a strong issue of seepages a few feet alxive 
the low water along almost the whole len^h of the beach. Three 
small headlands of red tuff, the Mussel Rocks, break the beach 
line close to Cowes pier. 

East of Cowes pier the waves produced by both south-westerly 
and north-westerly winds combine to set up long-shore drift to 
the east, with little or no counter tendency from the shallow 
and sheltered eastern part of Western Port Bay. The eastward 
drift has caused the formation of a spit, which is now 3^ miles 
long and is still building out eastwards (PI. III., fig. 4). This 
spit has grown across the mouth of a large bay, siltra iw into a 
salt marsh, part of which has been drained (PI. III., fig. 7). Ilie 
original coastline is marked by a line of cliffs continuous with 
the present cliffs facing the Nits near ^yll, and extending almost 
to Cowes. The older part of the spit is covered by dunes which 
carry thick tea-tree .scrub, but the eastern end is a bare sand 
bar (PI. III., fig. 4). The tip of the spH u exposed only at 
bw tide, for a distance of about 1,000 yards, ana is becoming 
compound. The part of the bay still open behind the spit is 
largdy mangrove swamp. 
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Prior to the growth of the steep cliffs 50 feet high were 
cut in Jurassic sediments and Tertiary basalts that outcr^ west 
ot Rhyll (PI III fig 5) Where protected by the spit these 
cliffs are weathenne to form gentle slopes but at the north east 
comer of the island where the coastline turns southwards they 
are exposed to wave attack and are nearly vertical The basalt 
of which they are composed is largely decomposed above high 
water mark 

bouth of Fishermans Point at Rhyll where the coast is 
protected from all but occasional small waves progradation is 
taking place and a sandy flat extends out some hundreds ot 
vards from the old cliff line which is now rounded and glassed 
to a nip about 4 feet high fronted by a beach a few yards 
wide (PI III fig 8) Bores at intervals up to 175 feet out to 
sea from the jetty show that the ori^al surface of the sea floor 
lias been buned beneath more than X feet of muds The head 
(f the bay between fishermans Point and Long Point is partly 
silted up and the silting up process extends around Long Point 
into Swan Cirner (PI 111 hg 6) which is sheltered by 
Churchill Island At low tide Swan Comer becomes a mud flat 
with a shallow channel in the centre but an old cliff line is 
evidence of past wave atticks At Ncwhaven beyond the shelter 
ct Churchill Island cliffs develcp a^m in decomposed basalt 
tnd similar cliffs occur on the north eastern side of Churchill 
Island 

Gtoneral Gtoology 

1 hilhp Island consists essentially of a number of flows of 
Tertiary Older \ olcanic liasalts intercalated with beds of red 
tuff and agglomerate and overlying Jurassic and Palaeozoic 
sediments and Palaeozoic granites Outcrops are largely obscured 
I \ soil and ilUivium and near the coast by sand dunes 

1 he earliest descnpti )n of the geology is given by Blandowski 
(1857) in a report cn h s journey from Kings Station to Bass 
River Phillip and 1 rench Islands The Woolamai granite has 
Icen described by Mclnerny (1929) but apart from this other 
geologists have made only passing reference to the island The 
s uth eastern comer of Hiilfip Island was mapped by Stirling 
in 1892 as part of Quarter Sheet 76 SW and during the present 
work an incomplete manuscript map of the island by Stanley 
Hunter was made available to the author by the courtesy of Mr 
\\ Baragwanath Director of the Geological Survey of Victoria 

Palaeozoic Sediments 

Although not outcropping on Philhp Island Palaeozoic sedi 
nients have been proved in situ in deki bores at Cowes (Bore 
Mo 2) at a depth of 106 feet below sea level and at Rhyll (Bore 
No 1) at a depth of 459 feet Sandstones presumably of 
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Palaeozoic age were encountered at a depth of 216 feet m Bore 
No 8 m allotment 143 Xcnoliths of little altered rock several 
feet across occur in the granite outcrop opposite Pyramid Rock 

The Palaeozoic sediments must occur in the sea bed in the 
vicinity of Cape Woolamai because boulders of hornfels and 
indurated sandstone are found on the southern beaches in the 
vicinity of the granite stock and similar boulders are found ilong 
the south western cliffs of the granite area where they have been 
tossed up by storm waves It seems likely that these rocks form 
Ihc sea lied aver a considerable are*i lietween Cape Woolamai and 
Pyrinud Rock 

1 he sediments are proliably of Ordovician age since 
Ordovician graptolites have lx;en found in Ixmldcrs of slate near 
<jnftith s Point on the San Remo Peninsula (Hall 1W4) 

JuRsssic Sfdimfnts 

noted l)y Blaiidowski (1857) Jurassic stiati ciitcrop in the 
north eastern corner of the islanci in the cliff sectu n facing the 
Vit'i west of Rhyll township (hg 1) They extend inland for 
alKiut i mile and then pass beneath alluvium and 1 ertiary l)asalts 
Tlic cliff section Is about M feet high and excellent exposures 
are afforded in quairies al( nc the cliff face (PI III fig 5) The 
sediments consist of felspathic grits and friable arkose with a 
few thin licds of grey and black mudstones The mudstones 
contain fragmentary plant remains such as Aleihopferts and 
Sphenoptens sp sufficient to establish their Jurassic age 

Ihc beds dip southwards ind show gentle fold undulations 
along the cliff face Blandowski ct luluded that these beds under 
he the inlet to the north and estmidtecl then thickness at lietween 
AOO and 500 feet Ihis is borne nit by Bore No I m allotment 
17 which passed from Jurassic to Palaeorou strata at a depth 
of 459 feet lielow sea level (Ann Kept Dept Mines for 1Q12 
p 117) No other outcrop of Jurassic rocks is known on the 
Island but the Cowes Iwrc put down at sea level in the Recreation 
Reserve encountered a thickness of 120 feet of Jurassic strata 
beneath 186 feel of bis ills uid tuffs Bore No 7 at New haven 
reached the [iirassic at a depth f 294 feci in allctment 13 (fi|, 1) 

TrRTlSRY Sl'DlMl-NTS 

Ihin beds of pre basaltic gravels derived from the adjacefnt 
gianite occur in the cliffs f icine Pyiamid Rock and along the 
northern marem of the Caiie Woolamai gianite Post^lnsaltio 

f -ave*s of a similar character cap the basalt flow facing Pyramid 
ock and an inter basdtic gravel about 10 feet thick which has 
l)ecn converted to quartzite is found at the eastern end of Spilth's 
Reach where it tuUcrops as a ndge m the stonn wave platforhl 
Boulders of this qitart/ite are numerous along the adjacent 
1M1/4X—a 



12 


A B Edwards 


beaches Tlie outcrop is cicscentic to the south and dips inwards^ 
indicating that it was deposited in a north sloping valley lu the 
underlying basalt 

Red gra\els up to 10 feet thick overlying decomposed basalt 
outcrop from beneath the dunes just noxtn of Cat Bay ictty 
They resemble the Red Beds above Older Volcanic bwlts at 
Stony Point and at Cunnella Point on the western and eastern 
shoreo of Western Port 

RecEVT SFDlMtMs 

\lluvium fills most of ihe shallow valleys on the island and 
dune sands arc fcuiul it intervals along the coast espeaally along 
Ihc tie bats Recent sinds iiid gravels are developed >vhere 
the shellercd pirtiiiis dT the coast are progndmg 

It Ntous Rocks 

\mpiiiboi ms 

Numerous l>oulders of iinphibolite hive been ashed up m 
the shingle and lx iilder heath ilong the western side of Kilty 
Vfillci s Biy (Phelans Bluff) Fliey ina> lie denved from Pre 
Cambrian neks offsht re but it seems more probible that they 
lit denved fiom the Iwllast of the hiiekc which xias wrecked 
( ff this point in 1 ebnurs 1906 

Grxmtps 

Granites presumahl) if Devonian ige outcrop ii the south 
eistcrn tKtreinity of the island it Cape Woolamai and at 
Pyramid Rock mulwiy ilong the southeiu c( ast fig 1) 

File Woolinui granite is i stock like liody covering in area 
cf aliout 4 squire miles Ihe eroded surface of the stock slopes 
at S°N Iht stock was originally pirt if the Bass horst ind 
owes Its n rlliward tilt t the fault movements that give nse to 
lh< horst (I dwaids 1942) (kxkI exp )siires art limited to the 
cliffs Ihe roik has I>een descnlied by Mclnemy (1929) ind 
Us hei\y minerals hive l>ecn listed by Baker (1942) It is the 
most acid of analysed Victorian granites It consists of ijuartz 
niicroperthite and oligoclise and occasional flakes of biotitc 
Some of the biotitc is altered to chlorite which accounts for the 
intense green colour nf the mica noted by Blandowski (1857 
p 54) The niicroperthite contains much iron oxide dust which 
causes it to appear a pleasing pink in the hand specimen The 
rock IS relatively coarse grained individual crystals averaging 
about 3 mm across It has a high crushing strength (27 100 lb 
per sq in ) 

The gramte been quamed for building purposes on the 
eastern side of Se stock dose to water level It is strongly 
jgjijted in the vichnty of the quarry, one set of master joints- 
stfflces N S and dips at 60®I another strikes E-W and dips. 
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at On the o[q)osite side of the island this jointing has 

given rise to pyramidal rode stacks Along the south eastern 
part of the coast two sets of flat dipping joints one dipping cast 
and the other west combine with ucarlv vertical joints to produce 
a columnar or blocky structure in the cliffs 

\eins and segrentionb of aplite and pegmatite traverse the 
granite in phees Crystals of reddish brown ortlioclase in inch 
or more long are found in vughs in the pegmatites Xcnoliths 
and segregations of basic mmerals are generally absent 

\t Its northern end the granite is cverhin by thin l>cds of 
feitiiry gravels largclj deiivcd from the gtinitc ind by 
Tertiary liasalts and Recent dunes 

Ormite ouUrops at tht bast of Pyramid rotk in tht tliffs of 
the mam island where it is overlain !>> thin gnt l>eds and by 
columnar liasalt 1 his outer )p is hner grained than the Woolaniat 
granite but is therwise similar It contains xenohths of 
PalaerzoK sediments langing up to ? feet across Ihc larger 
xenohths are practically undigested 

ll-RriARY VoiCANIC ROCKS 

Jhc icrtiarv volcanic rocks consist of flows of basalt of thick¬ 
nesses ranging from 15 ft to 90 ft inteicilaled with beds of tuff 
and agglomcrtte up to 150 feet thick Ihe tuffaceous nutenal 
is gtnerallj altered to red clay red ochre or latente The 
rflaticn cf tlie volcanic rocks to the fault movements that have 
affected Western Port leaves no doubt that they lielong to the 
Tertiary Older Volcanics and this is confirmed by the petrological 
charactei of the basalts 

PvROCLAsnr R<kks 

ihe volume of pyroclastic roiks on Philhp IsUnd appears to 
equal the vclumc of lava flows They are best exposed alcng the 
southern coast lietwcen Phelans Bluff ind honest Caves They 
form prominent red headlands The\ shi w tilde stratification 
and at Redcliff Head Smith s Beach and 1 orrest Caves they 
dip inland U about S°N Ihe coarsest agglomerate contains 
angular fragments of decomposed shaly matenal several inches 
across eniliedded in red clay Massive agglomerates grade with 
decrease in the size of the fragments into beds of oenreous red 
clay such as have been found intercalated between the Older 
Volcanic basalts at Ihndcis and Korkupernmul Creek (Jacobson 
and Scott 19V) In places as east of I orrest Caves the tuff 
IS only partly ironstained and unst-iined grey clays are found 
With hardened red clay in the joints and bedding planes The 
soft grey clay contains about 40 i)er cent of gibbsite and halloy 
site soluble in sulphuric and Where this parti-coloured tuff is 
subject to wave attack the grey clay is washed away leaving 
a coarsely honeycombed cliff face 
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At Smith's Beach, red tuff overlying deeply weathered baMt^ 
is completely lateritized. 

Ochreous red tuff beds outcrop in the vicinity o{ McHafBe’i 
Reef and at Penguin Rocks. At McHaffie's Reef, and for about 
300 yards south of this headland, the tuffs form a gently domed 
structure which is exposed in section in the cliffs. Presumably 
these tfrched tuff beds are part of an old volcanic cone. Some of 
the tuff is closely spotted with areas of a white clay-like zeolitic 
substance, apparently halloysite. 

At Penguin Rocks, red tuff beds occur which dip to the norths 
und form an abrupt low cliff crossing the beach almost at right 
angles. A quarter of a mile to the south-west what are apparently 
the same beds outcrop in the beach with a southerly dip. Beturcen 
these two points the red beds can 1)c observed in the cliff section, 
where they dip eastwards. Presumably these tuffs mark another 
centre of eruption. 

Similar, but lateritized, red beds form the Mussel Rocks near 
Cowes Jetty and outcrop in the main street; shallow cuttiim 
along the various roads across the island indicate that the tuffs 
are widespread. In most of the outcrops they can be seen to 
overlie basalt flows, but at Smith's Beach a basalt flow can be 
seen in section, filling a valley eroded in the tuffs. 

Lava Flows. 

Flows of liasalt extend over the neater part of the island, liut 
with a few exceptions, such as Hill, exposures in the 

interior of the island are poor. The best exposures arc along 
the southern coast between the Knobl^ and Summerland's Beacl^ 
and between Kitty Miller’s Bay and Smith's Beach. Along these 
sections of the coast as many as five successive flows are exposed 
in section. The individual flows are from 15 to 90 feet thick. 

At Pyramid Rock and at the northern end of the WooUxnai 
granite mass, the basalts can be seen overlying the granite Ijcd- 
rock, but the bore records show that the base of the basalt scries 
lies well below hca-level—near Newhaven it is between 200 and 
290 feel below sea-level, while at Cowes it is about 180 fret below. 
It is probable, therefore, that the granitic outcrops, and the 
Jurassic outcrop west of Rhyll, represent hills rising above the 
general level of the prc-lasaltic terrain. 

The outcropping basalts are all closely similar. They arc under- 
saturated olivine-lksalts, chiefly of the Flinders type fEdwarcb, 
1938). Samples from the two flows encountered in the Cowes 
bore are also of this type. The rock composing Quoin Hill is an 
olivine-bault with titanifefous augite, and is of the Moorooduc 
type. Thin sections in the Geology Diriment collection include 
an olivine basalt nf the Keitor type. The only ptfier variant 
encountered is an olivinc-basanite, from the bottom of the gorge 
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near the. mouth ol, Native Dog Creek. This rock is very closely 
allred to the characteristic monchiquita of the Older Volcanic 
series, except for an unusual richness in analcite. 

Zeolites, chiefly gmelinite and chabazite, and sometimes 
aragonite, abound in the vesicles of some of the flows, particu¬ 
larly near their bases, especially in the vicinity of Smith’s Bluft 
and Sutherland’s Bluff. 

The only prominent point of eruption is Quoin Hill, an almost 
conical idug which rises steeply to about 150 feet above tlw 
surrounding country. A flow appears to have issued from this 
'centre on its weal side. 

The only chemical analysis of these basalts is that quoted by 
Skeats (1^) from Selwyn’s Catalogue of Rock Specimens and 
Minerals in the National Museum, Melbourne, 1868. The 
analysis, which is a second-grade one, shows a general resemblance 
to analyses of the Flinders type of basalt but is not typical in that 
the MgO content of the analysed specimen is unusually high,, 
and the CaO content is lower compared with must Victorian 
analyses. 

Dykes. 

Several light-coloured dykes of a mugearitic character have 
been intruded into the basalts in the storm-wave platform at Foint 
Grant. They are up to 2 feet wide, and fill master joints in the 
basalt, sometimes projecting as tow walls. They sometimes stei> 
sideways along joint planes, and then resume their main trenu, 
uutil they split into several branches a tew inches wide, each 
following a separate joint plane. Some movement has taken 
pl^ce since their intrusion, b^uae one dyke was observed to be 
slightly faulted The dykes have chilled margins, with a some- 
wmt coarser central part, showing flow handing. They consist 
essentially of parallel laths of fd^r. too altered for precise 
determination. Much of it appears to be oligoclase. Ferromsw- 
' nesian minerals, if originally present, were restricted to the 
groundmass, but the rock is too altered to reveal them. 

Several similar dykes intrude the basalts in the shore platforms 
between Cat Bay jetty and McHaffie’s Reef. 
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Desoription of PlatM. 

Platf I 

Fit ] » Tfac Knobl y from SufiinicrUnd s iiid M low tid^ 'hnI Rocki in the 

distance 

Fib 2^ Storm wive platform «ith rode itack cut ui horiKontal basalt flowi Miuth 
coast Siimmctlamt i Island near the bloa hole 

>i( J—Sbowina the culumiui ntnictiiie of the harilt nverl>inv the ' red band ' 

m which the -itorm wa\c platform is cut 

Fio 4Surfici of a itorm w i\( plitform ent in i nd liand with a 4cp up * 
in the left middle diitanca 

kic 5—Residual column nf bsHdlt with i pedestil of ml liaiul on n t rm wivi, 
platform 

Fib 6—Ampithcitre like depmMon iti cliff tip Suinmerland ■ 1 liikl 


Platt II 

Tic 1 Basalt clifii fronted by stoimwave platform la the \ cinit^ of I'} i amid 
Rock Dcir hiffh tide Cspc Wo( lamai on the skyline 

Fir 2 Pyrsmid Ruck consisting of a residual of culumiur kiailt surrounded by 
n iiltic screes on a base uf lighter coloui cd grimte 

Fio 1 —Phelans Bluff from kitty Miller i Bay it high tide The Bluff consist* of 
thick tuff beds overlying a basalt flow which nies to 14 feet above high tide 
livel Storm waves have cut liack the overlying toff giving rise to a high 
level otomi wave platform suggestive of recent anergencr 

hio 4—Tiranitr coast on the relatively protected KHith eastern side of Cape Woolnnuu 

Fib S—Granite coist on the ixpowd southwestern side of Cspe Woolamai sh wing 
influence of joint pl.inev on the development of lock sticks 

Fir i - CiriniU coast on the eaposrd south western side nf Cape Woolamii ah wing 
the influence of the joint planes on the development of gorge like embaymenta 

I'lC 7- Sind dunes giowang on the protected coist cf the kaatvrn Paasige 


Platf III 

Fro 1 Small storm wave platform cut iii red tuff at McHaflKc s Reef 

hir 2 ( liff sectiin thiough domed tnff beds at McHnffie a Reef 

>ic j —Dune ridge on the back shore at Cat Bay Tree covered duoca fronting 
Siimmerland s Islind tie bar m the middle distmce and Uuoin HiU on the 
akylinc 

Fib 4 —Fnd of the spit fronting Mangrove Swamp neat of Khyll French faland 
on the akylinc 

Fio 5 —Quarry in Jurassic rocks m the old chffs north wett of Rbyll 

Fio b Progiaded beach on Swan Comer 

Fio 7—Silted up bay behii^ the spit extending east from Cowes lookmf (ton the 
tup of the okl cliff'^Jne The old cliffa can be seen in the disteoca 

pio fl —Nip cut in I rograded land at Rbyll township 
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Awr, IL^The Sir 9 ti^rafl^al Karngt and Habitat of tho 
Diprotodontidae in Southorn Australia, 

By R. A. KEBLE. 

[Palacontologiit to the National Moaran, Melbourne.] 

[Read 13th July, 1944; iasoed separately tOth December, 1945 ] 

AbitrMt. 

Records of Diprotodcn and Noiotkerium in Victoria, in tlic adjoining 
part of South Australia^ and in King Island have hm examined and in 
most cases more or less indefinite localities have been fixed with some 
precision The beds containing the Ihprotodontidae have also, in many 
cases, been identified. 

Owen's locality “near Mount Maccdon" for wmc of his paratypes of' 
D, auitraiu is recognized as a spring deposit at Lancefield. 

Each occurrence is discussed from the standpoint of its stratigraphy and 
correlated with the terraces of the Maribymong valley, or, where possible, 
with the scoria cone flows of western Victoria. 

The Diprotodontidae are believed to be restricted to the Upper Pleisto¬ 
cene or tlie upper part of the Middle Pleistocene; their appearance is sub* 
sequent to the first vulcanism responsible for the Newer Basalt No 
renuins have been found m beds below the Newer Basalt lava plain 
phase 

Their haliilat is discussed and it is submitted that tliey flourished when 
the climate was wetter and the flora more luxuriant, probably during 
peruKlb when the Upper Pleistocene glaciations occurred in southern lati* 
tildes 

Dif^rotodon is recorded for the first time from King Island, and as it is 
Q continental genus, it ib interred that the land bridge connecting King 
island with the mainland was broken after it first appeared in Victoria, 
i.e., in the Upper Pleistocene or the late Micklle Pleistocene 

The \alidity of D. longtccps as a species ib confirmed by a rc-cxammalion 
of McCoy's holotypc 


Introduotion, 

There are records of Diprotodon and Nototherium from a 
numlwr of places in wuthem Australia; this contribution deals 
with those in Victoria, in the adjoining part of South Australia, 
and in King Island. Most of the specimens were obtained tefure 
1900 and there is a general lack of detail as to the exact positions 
and tlieir containing strata. An exception is the North Melbourne 
specimen recorded by G. B. Pritchard (13); he published a plan 
on which he accurately marked the position, and in his contnbu' 
tion ^ve particulars of the stratum. On the other hand, an 
exhaustive search for additional particulars reearding the 
impf>rtant Colac spedmen~McCoy’s (10) holotype of Di’pro/odon 
longkeps—h&i been futile and further information seems to be 
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now unobtainaUe. By exaniiiiit^ records, some of them made 
100 yean ago, more or less relevant additional infonnation was 
obtained r^iarding many of the specimens. Dtjtrolodontidat from 
the {oUowing locmit^ rnrve'been dealt with• 

1. North Melbourne. 

2. Footscray. 

3. Duck Ponds. 

4. Litnebumer's P<^t. 

5. Lsncefield (Mount Macedon). 

6. Talbot (Back Creek). 

7. Lake Colonautac (Lake Timboon). 

& Colac. 

0. Omeo, 

10. Buninyoiig. 

11 Coimadai. 

12. Watch Hill (? “Murchill”). 

13. Melton. 

The ocairrence of Vtprolodon at Portland and the Goullmm 
River is mentioned in correspondence but no other particulars 
are given. Information r^arding the molar of D. austrahs 
(No, 14403) obtained on King Island, and which is here 
recorded for the first time and discussed from the standpoint of 
the range of Diprotodon, has been supplied by the finder Mr. J. 
Graham Haines of King Jsland. 

The stratigraphical range of Diprotodon and Nototherium is 
correlated here where possible with the .succession of fluviatile 
terraces in the valley of the Maribymong River worked out by 
K. Keble and J. Hope Maepherson, more detailed particulars 
of which are to be published shortly in the Memoirs of the 
National Museum, Melbourne. Some occurrences are correlated 
with the succession of lava flows and tuffs implied by H. J. 
Grayson and D. J. Mahony’s Memoir (5) on the Camperdown 
and Mount Elephant distnets. Nototherium has been found in 
the same lied as Diprotodon at Talbot (Back Creek), Lancefield 
(Mount Macedon), and Omeo. At Buninyong, Coimadai, Watch 
Hill (?), and the lied of a creek about 1 mile north-east of 
Melton it occurs' without Diprotodon. 

The Diprotodon and Nototherium remains at North Mellmume, 
Footscray, Duck Ponds, Limebumer’s Point, and Coimadai were 
found in fluviatile or lacustrine beds deposited in tributary valleys 
of the Yarra stream system. The bathymetrical contours of Port 
Phillip Bay—a sunkland on which the lower reaches of the Yarra 
stream system have been submerged—disclose delta deposits and 
wave platforms that nm be correlated with the Maribymong 
Valley fluviatile wcles. Tliere are no Pleistocene glacial deposits 
in Victoria, Init Keble and Maepherson have assumed thM the 
terraces, platforms, etc., were farmed by eustatic adjustments of 
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pCi level caused by ^acialjons in other regions. found that 

(he Maribyrnong ValW was'Iitde affected fay tectoqic moveinmts, 
Wh^ usually tqfi^ toe forb) of warping ;(nd lihlhg^ ^eir 
'j(UCcesaion< With a correlation with the Europepn. glacial and inter* 
glacial sta^ indicated by F. E- Zeuner (21), is as follows:— 


Age. 


R«c«at 
Upper FlcUto-| 




Lower 

:ae 


bropua 

StofCK. 


P^9t 

Glacul 

wt 

W2/WJ 

W2 

wi/wa 

WI 

Pre-Warm 


ll«nbyrsion| Pivcr 
Cyclet. 


Pmeat Cycle 

Manbyraonc Cycle 
Braylmioli Cycle 

Keitor Cycle 


Manbymo 

Phai 


rnom Xivcr 


Ifvfliymoaff Terraee 
Manbyrnofw Flood PUio 
BrtyMoolc Tcrra^ 
Brarbroek Flood FUla 
Kcilor Tmacf 
Kcilor Flo^ rbm 

Vertical eroeion 


NEWER BASALT (Uvo plain pha c) 


The duration of the vertical erosion that preceded the deposi* 
tion of the Keilor Flood Plain is uncertain; a Middle-Lower 
Pleistocene age is assumed for the lava plain phase Newer Basalt 
on which the vertical erosion was initiated. There is, however, 
an unbroken sequence back from the Recent to the Kcilor Flood 
Plain. 

Grayson and Mahony (5) divide the basalts of Caniperdowtt 
and Mount Elephant into two groups, which, they say, differ in 
relative age and to a certain extent in character, lliey use the 
terms “ earlier " and “ later " for these basalts. 

The origin of the “ earlier ” liasalts (the Newer Basalt in Keble 
and Macpnerson*s succession) which are exposed over very con¬ 
siderable areas and up to 100 feet thick is. they state, very 
obscure. They state also that the lava plair,s—the surface of 
these earlier l^asalts—are traversed by natural drain^e channels 
and there are on tliem depressions with gently sloping sides, in 
which water lies for long periods. But it should be pointed out 
that there is evidence of an earlier drainage system—old flood 
plains that do not now function—in the districts. No remains of 
the Diprotodonfidae have been found under the “ earlier *’ basalts. 

The Hampden Tuffs, the name given to the tuffs of the 
districts, which cover a considerable area around Camperdown 
'and Lake Keilambete and on the floor of Ijike Bookar at Terang, 
are bedded and distinct from the'' heaps of scoria around the 
scoria cones from which the later oasalts came; they were 
stratified while the volcano from which they came was in active 
operation. They may lie regarded as a series intermediate between 
the " earlier and “ later ’’ basalts: the ** later *' flows at places 
rest ou them. Besides covering the beds of lakes within the area 
over lyhich they fell, they probably also covered ^e drainage 
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channels and dq)res8i<ms on the earlier flbws and ttuw ot the 
older dranuge system that preceded it Under the Hteipden 
TofFs, where drainage channels and depressions existed Uuvbl 
and lacustmie deposits probably occur and it is possible thU Some 
of the remains of Dif>rotodonhd(ie in bone bras on the thoreS 
of lakes may have bm derived from some of these retorted 
•older deposits as for instance those of Lake Colongitlac 

Ihe * later basalts are always closely associated with the 
Hcona cones*—the points from which they were erupted Ihe 
flows are often slightly raised above the general surtace of the 

earlier lava plain and form low platforms from which the 
scoria cones rise In 7naii> cases the flows are of limited extent 
and at Mount lerang there is a good section in i^hich four 
distinct flows together forming a thickness of 15 feet and 
associated with iinstratihtd stiria arc exposed and rest on the 
undenuded surface < f the liedded tuffs—the Hampden I uffs 
Gray son and Mahony regard the latei basalts as of very 
recent origin and thit though the) aie a|iproximatcly of the 
same ace some of these fl i\s are no doul>t considerihly ulder 
than others uul iii sharp line can lie (lra\\n between them and 
the earlier basalts 

The IhftrotodonhdH that were obtained it lalliot probably 
came from i lacustrine deposit formed in a lake due to the 
damming of Back Creek by a scoria one flow across its outlet 
the sub basalt lake at Hunmyong was likewise formed b> dam 
mmg in this case bv the Yarrowte flow The Miunt Cianibier 
and Mount Sclianck remains weic found under vole imc ash that 
came fiom those leccnl ciaters* 

Grayson and Mahon) s rcccgiiition of carliei ind later 
basalts and the intermediate Hampden luffs in the Cainjierdown 
and Mount Tlephant districts is taken here to appi) generally to 
the volcanic activit) througluut Victoria known as the Newer 
Basalt In interpretint, the geologic il maps it lias been found 
convenient to leter tc the ciilier Iiisalls as the lavi plain 
phase and the later l)asalts as scern cone phase 

Up t) the present it has not l)een found jKiShible to correlate 
the cycles cf eiosiou ind fluviatilc deposits of the Manbymong 
Valley with the Hampden luffs and the scorn cone flows the 
only correlative datum is tint l)otli series post date the lava plain 
phase But ever) honz n m the lx^dded Hampden Tuffs each 
scoria cone flow and each fluviatile and lacustnne deposit in 
the Western District is contemporaneous with some part of the 
Marihyrnong Valley fluviatile deposits or river cycles It is 
noteworth) however that although there arc scoria cones in 
the Manbymong Valley at no place is a scoria cone flow found 
resting on a river terrace or is volcanic ejectamenta bedded with 
the fluviatile deposits On the other hand there is evidence in 
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ihc t>ti^ Ponds Vallqr of t lava flow, presumably from a nearby 
eeoria having flowed on to the Keitor Flood Plain, damming 
ibe strem to form the lake in which the freshwater limestones, 
the beds Containing D, longiceps accumulated. The Burnley 
basalt also*^covered fluviatile deposits in the valley of the Yarra 
that extend into and cover the Diprotodon Mds of North 
Melbourne uXkd Footscray. 

Ooofknreaeeg of the DiprotodontldM. 

1.—North: Melbourne. 

In 1899 a fairly large fragment of the right half of the lower 
jaw of D, austrmis Owen was found in the excavations for the 
main sewer at Arden-strect, North Melbourne. G. B Pritchard 
(13) states: the present example was found in a tunnel 
excavation under the Moonee Ponds Creek near Arden-strceti 
North Mell)oume, the depth of the tunnel below the present bed 
of the creek l>ciw approximately 25 or 35 feet l)elow the 
surface . . . 'Ine matrix in which the bone was found is a 

sandy clay of a fawn or brown^h colour, containing glassy quartz 
grains up to one-sixteenth of an inch in diameter—some well 
rounded, while others are suh-angular—and small flakes of white 
mica, apparently muscovite . . * In the extension of this 

same sewer towards Kensington at a distance of about 200 feet 
from where the bone was found, numl>crs of marine shells were 
found, all of which app^r to be recent species, an<l this close 
association of these remains seenis to warrant the application of 
Pleistocene for the geological age of the deiwsits in the area/* 

The log of the bore put down where the Diprotodon was found 
-by the MelI)ourne and Melrojx)htan Hrwrd of Works was— 


fl Filling ,. .10 feet. 

h. Silt .... 19 feet 

f. Yellonv and red clay 8 feet 

(/ Sandy clay 17 feet. 

Total depth . 54 feet 


The specimen came from bed " d.” 

The sequence of the fluviatile deposits and cycles of the 
Moonee Ponds Creek, and incidentally, the Maribymong and 
Yarra Rivers was as follows:— 

Raised Beach ?. 

Flood plain depohited in diverted Mream (Yarra River) 

EHme encroachment. Diversion of Moonee Ponds Creek and cap¬ 
tured Yarra into the Maribymong River. 

Oipturc of the Yarra by Moonee Ponds Creek after the Burnley 
Basalt (scoria cone phase). 

Flood plain deposits—beds " b ” and “ c" in above log. 

Vertical erosion. 

^ndy clay, ctc^Diprotodon bed. d " in above log. 
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As regards the age of th(^ Diprotodon.b^ it ip eith^ at .the* 
,,baM pf the Recent or the sunwnit of the ReistOGene. 

I * * * 

'2^FoOT6CRAY. 

' In January, 1899, D, australis wait found in Fotitacray. "The- 
q>ecimen (No. 13,000) represents most of the left ramus pf’^ 
lower jaw with its fore part and symphysial boss: in theif sodketa 
are three worn molars (MI, 2 & 3), two imperfect pre-mofars 
(D3 & 4), and the socketed portions of twd hfeoben-off incisors. 
It was found at a depth of 36 feet in sewerage excavations. 
These are all the facts that have been recorded conceimim the- 
spedmen, but old records kept by the Melbourne and Mrtro- 
politan Board of Works enable its locality to be fixed within 
narrow limits. 

The depth from which it was obtained indicates that it casw 
from excavations for a main sewer. In 1899 and previous to 
that year, in Footscray proper, only the excavations for the main, 
sewer between the Maribyrnong River and Lloyd*street reached 
a depth of 36 feet. The area on the left bank for some distance- 
to the east was then part of Footscray and the excavations in 
this part were also 36 feet deep but gradually shallowing to the 
east. The bores put down by the Board on the right bank were 
in the lava plain phase of Newer Basalt except Bore No.’ 43 
which was on the toe of the bank 200 feet downstream from the 
Napier-street Bridge. The log of this bore was— 


«. Filling 

• . .4 • . 

.. 4 feet. 

h. Sih 

. . . • 

5 feet. 

c, Cl«y 

• • . . . • 

.. 35 feet. 

d. Sand 


2 feet 


Total depth 

.. ^ feet. 


A section across the Maribyrnong River available from the 
logs of bores put down by the Railway Department along the 
Footscray to Melbourne railway line about | mile to the north 
of the .sewer shows a few feet of sand resting on river silt and* 
jnud, which occupies a river channel cut in sandy clay. The 
matrix adherent to and in the crevices of the jaw bone is a day 
containing coarse quartz sand and there is little doubt that the 
Diprotodon came from bed “ c " in the log of Bore No. 43. 

The Footscray sewer is the westerly extension of that at North- 
•Melboume in excavating which Pritchard’s Diprotodou was. 
found, and the containing bed at Footscray is probably a westerijr 
extension of the North Melbonme bed. 
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AND 4,—Duck Ponds and Limeburner^s Point. 

R. Daintree (4) states in his report on Quarter Sheets 19 S.E., 
'24 N.E.I and 24 S.E.: “ The deposits of freshwater limestone at 
Limdnimer's Point, Geelong, and the Duck Ponds, ai^ar to 
have taken place just after me close of the volcanic period, and 
before the subsidence of the land to receive the sea which 
^epositeil the Queensdiff 1)eds.*' 

^ Diprotodon has been found at both places, and judging by the 
similarities in the fossil freshwater shelly fauna and the lithology 
of each deposit th^ were deposited under the same conditions 
.and were contemporaneous. The geolc^cal history of Duck 
Ponds, sometimes referred to as Duck Ponds Creek or HoveU's 
Creek, is clearer than that of Limebumer's Point and is dealt 
vdth here at some length. 

J.—Duck Ponds. 

The exact locality and the bed from which the upper and 
lower incisors (No. 1892-3) identified by McCoy (10) as belong¬ 
ing to Diprotodon longiceps were obtained b^ the Rev. C. S. Y. 
Price, has not been recorded. The specimens are so well- 
preserved—there is little mineral replacement and an absence of 
.adherent matrix—that a doubt arises as to whether they were 
rtVa. A note on Quarter Sheet 24 N.K., viz., Lime mins in 
^excavating which several bone caves were found," increases this 
doubt. In the absence of information to the contrary, however, 
and the fact that the Limebumeris Point specimen was definitely 
im situ in what appears to be the same bed, it has been assumed 
dhat die Duck Ponds specimens were obtain^ from the limestone. 

Daintree in Quarter Sheets 19 S.E. and 24 N.E. shows the 
Duck Ponds freshwater limestone as occupying the valley of 
Dude Ponds Creek. The succession shown by him on those 
^Juartcr Sheets may be tabulated as follows:— 

A Alluvial, fluviatile and swamp deposits .. Recent 
PI a. Estuary beds; b. Raised beaches .. Post Pliocene 

TPN Calcareous clay, sandy beds, gravel .. Newer Pliocene 

L Freshwater Hmestonp Tertiary 

V Upper Volcanic (lava, plain phaiej Pliocene 

TP Sandy beds, clay, shale .. .. Older Pltocene 

TM Marine limestones, clays, &c. Miocene 

The following is an interpretation of the succession in terms 
of ^imentation and stream development derived from surface 
^ysiographical evidence; the lava plain phase of the Newer 
Basalt oiditerated all earlier physi^raphical features. The 
-symbbls used on the Quarter Sheets in the foregoing summanr 
of Damtree^s su^tosion are given to fadlitate con^rison .with 
It and "'the cycTcs and terraces worked out by KeWc and 
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Macpherson in the Maribymong River Valley It will be noted 
lliat the Upper Volcanic (V) or Newer Babalt lava plain [Aim 
J 8 regarded I^wer Middle Pleist(Kene, not Pliocene, the age 
assigned to it by Daintree 


1 \ 

2 PI 

3 

4 

5 

6 

7 

8 


Alluvial fluviatilc and swamp deposits 

Fhtuary beds raised beaches b 

Rejuvenation j 

Low level flood pUin dep isits in tributaries! 

Rejuvenaition Hreach of cUm J 

High level flood plain deposists m tribut*irio« | 
following 7 V 

Vertical cr sion I 

Regional subsidence on 1 ovely Banks! 
Monocline 


Recent 


Marib> mong 
Cyck 

? Braybrook 
Cycle 


9 TP^ Calcareous cU> sandy beds gravel 

10 1 iKposiUon f Diprolodon fresh water litnc 

stone 

11 ^ sec rn com. flow dams Duck Ponds valley 

12 M <xl plain deposits in railway bores 

f llowing n 

13 Vertical erosion of Duck Ponds Creek 

14 V Uptwr Volcanic (lava plain phase) 


Keilor 

Cycle 


Sections of the freshwater limestone (L) disclosed by wells 
and bores put down liy the Railway Department show that it rests 
on flood plain deposits A well sunk at its noithern extremity 
gave the following section p'lrticulanred on Quarter Sheet 
19 Sb — 


Soft Bandy loam 

4 feet 

Kubhly limentonc 

6 feet 

Coni]> 4 Lt limestone containing 

fresh wattr shells 

Planorbi^ Limnaea 

4 feet 

Soft rubbly limestone 

6 feet 

Calcareous sandy clay 

4 feet 

Soft dteomposed basalt 

2 fett 


Total depth 


26 feet 


The borts put down for the Railway Department were for the 
foundations of the Imdgc to carry the Geclong-Mclboume nul- 
way over Duck Ponds Creek The deepest bores reached a depth 
of 30 feet below sea level and passed through intercalated muds, 
clays, sands and gravels only one bore encountered luneston^-* 
a bed 5 feet thude—5 feet above sea level The significaat 
informatirm supplied by the bores is that 21 feet under the bed 
of Duck Ponds Creek a bed of quartz gravel and rotten shells 
overlies stiff clay, unfortunately we are not told whether the 
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** rotten shellb were fiwhwater or marine 1 he horizon of the 
single bed of limestone is 14 feet above the shelly quartz gravel 
The bores penetrated other shelly beds lateral extensions of the 
tidal deposits at present tide limit in the bed of the Creek Oa 
Qinrtcr Sheet 24 N I- there is a reference to a cliff section 
lowing about 20 feet yellow sandy limestone thib limestone 
IS at a higher horizon than any of the lieds disclosed b} the rail¬ 
way bores The combined deposit shown on the Quarter Sheets 
as frcshwiter limestone (L) is alxnit 70 feet thick 40 feet of 
which are mostly freshwater limestone and 10 feel almost 
exclusively flood plain non-cakaieous deposits The liores passed 
through for the most part flood plain deposits < f the stream 
furni^ during the hrst cycle of erosion after the Newer Volcanic 
le the Keilor c^cle Jhis flood plain is correlated with the 
Keilor flood plain of the Manbymong Valley—the first flood 
plain formed in that valley The freshwater limestones of Duck 
Ponds Creek ate newer—the upward lacustrine extension of the 
flood plain deposits—but there was little if an> time break 
between the two deposits 

The flood plain deposits of the Bra>brook cycle are probibly 
represented in the gully artificially dammed to foim a lake nortli 
of T ara and also in the gully similarly dammed to foim T^ia 
Lake Hit flood plain depcsits ui the lower teaches of this T ara 
I akc gully have Inen correlated with the Maribymong cycle 

Summarizing these remarks the age of the Duck Ponds 
incisors of Ihprotodon longicepK are early Upper Pleistocene and 
the containing beds i late cciuivalent of the Keilor I food Plain m 
the Marihymoiig River Valley succession 


4—T IMLBLRNFR S PoiNT 


Liinebumcrs Point or Galena Point as it is called (ii Qiiartti 
Sheet 24 b h and most maps is on the south side of the Inner 
Hailiour of Cono Bay it rises rather steeply from the sea to a 
height of alKiut 70 feel Quaiter Sheet 24 S L was surveycil in 
18f5 h> R Daintree (4) ind the following are the paiiiculirs 
of the limestone given by him in his report on the Sheet The 
section afforded in the thickest iiarl of the limestone deiiosit at 
I imcimniei s Point is— 


7 feet 
10 feet 


Marly cla> \ 

Femutinoua sandy clay with 
mariie thells J 


3 feet 6 inches 
3 feet 6 inches 
7 feet 

6 feet 


Rubbly hmestme 


1 hin bedded limestone 
Very compact liinest ne pnnci 
pal bed used for lime 
Rubbly thin bedded fcrrwnous 
limestooe restuiR on Miocene 
tertiary sandy marl 


Freshwater 
^ shells Plan 
^ erbis Lym 
nea &c 


This doeely agrees with Note ^ pnntcd on the margin of the 
Sheet 
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It will be noted that the frethwnter shells are Identical with ' 
those obtAiMd in die well (p. 30) in the Duck Ponds lintestniie. 
Diprotodon longic4ps was obtained in situ in the 7*(t. bed of 
“ vety compact limestone." The specimen (No. 13303) identified 
by M^Coy (10) shows a horizontal section of the molars and a 
vertical section of the incisors. 

The freshwater limestone (L) outcrops at and extends some 
feet above and below sea level, a fact that clearly mdkates a 
relative subsidence of the freshwater beds. The calcareous clay, 
sandy beds, gravel, etc. (TP^‘), overlie both the lava plain phase 
of the Upper Volcanic (V) and the freshwater limestone (L); 
and in some places the Miocene sediments. The interpretation of 
the geology of Uimebumer’s Point is somewhat difficult owing 
to the area to the north being one of subsidence and submerged 
hy the water of Inner Harbour. There is little doubt, as Daintree 
asserts, that the limestones of Limebumer’s Point and Duck 
Ponds are of lacustrine origin and contemporaneous; their 
lithology and fossils are identical. At Limebumer’s Point die 
lacustrine limestone rests on the scarp of the sink that formed the 
Inner Harlwr; it outcrops from 25 to 70 feet below the surface 
of the upper Volcanic (V) presumably the extension southwards 
of that in the Duck Ponds Valley on which there the limestone 
and fluviatile beds rest. The 17 feet of marly and ferruginous 
sandy clays containing marine shells are probably partly a raised 
bwh. 

The succession of events has been— 

Duck Pondt 
Equivalent 

1. Raised Beach ..2 

2. Regional sutwidence and marine transgression forming 

Inner Harbour ..8 

3. Widespread deposition of calcareous clays, sandy beds, 

gravels, &c., (TPR) on the surface of the freshwater 
limestone (L), Upper Volcanic (V), and Miooene 
fccdinienth .. .. .. .. .. 9 

4. Deposition nf the Ihprotodon freshwater limestone (L) in 

the sink and on its scarp ..10 

.S Tectonic sink during the Keilor Cyde 

5.—Lancekfeld (Mount Macedon). 

In 1844 Richard Owen (12) in a report to the British Associa¬ 
tion for the Advancement of Science ob the extinct mammals of 
Australia .«|x>ke of some fossils received by. the Royal Coltqfe of 
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Surgeons^ London, from Dr, Hob»on of Melbourne. The 
foUo^ng is an acknowledgment to Hobson by Owen of the 
receipt of the fossils 

Rk CoUege of Snrgeont, 


^ ^ ^ _ Augwt 26th 1844. 

tfy dear Dr. Hobson. 

1 lose no time in gratefully acknowledginf the reception of the interesting 
•erics of fossils discoTcred by Mr. Maybe, which you have hren so good 
as Id tnuumit lo mfii as also the wdl-markcd cranium of the Native of 
Western Australia. You will perceive 1^ the aoDompanying riieets that 
no time has been lost in desoribing the fossili. Th^ cams just as 1 
had cofQpleled the catalogue of that series in our Museum and 1 stopped 
the preu ‘^0 inchide your interesting Australian fossils. 

Every spe cimen , exc^ 1496 and 1502. belong demonstFativeW to the 
lam Marsuidal Pachyderm first indicated in Major MhcbcU's 
** Exped iti ons,^ Vol. JL p. 362. pi. 31, f. 1 and 2 under die name of 
Piprotodon, similying two indaors: a gam which 1 regarded as having 
an affinity to uk wonibat, and which affinity appears to be demonstrated 
by the cucanenm from the Condamitie River transmitted to me by Sir T. 
Mltdiell about a year aga together with portions of jaw and teeth of 
DiprotodoH, 


The molar dentition agress, like that of Macroptu, in form with that of 
Tapinu and Dmothfrium, wo that altogether the Diprotodon is one of the 
most interesting forma that has been rescued from the great devourer of 
all things. 

I trust that you may be able, through Mr. Mayne and other energetic 
eollecton, to obtain the materials for a complete restoration. 


You will perceive also in the descriptionfl of Nos. 1505-1509, the evidence 
of an alHta genus. 

I never had a fossil bone which excited my interest more than 1509, the 
astragalus of most assuredly a marsupial as large as a Rhinoceros, yet 
quite distinct from Kangaroo and most like Wombat 

Depend upon it your alluvial or newer tertiary deposits are the grave of 
many creatures ''which have not been dreamt of in our philosophy." 

I shall give a sketch of the facts to the Meeting of the Br. Assn, at 
York, illustrated by Colonel Mitcheirs and Mr, Mayne’s fossils together 
with some (including a true Mastordon) brought home by Count Strzledd 
or Strelingsld. who has returned rich in well observed facts from Australia. 

always your most sincerely, 

Richard Owen. 


Owen used the specimens as paratypes of Diprotodon austroUs 
to explain the dentition of young forms. In 1877 (12) he states; 
" In 1845 I described and Rgured a series of terth, discovered in 
sitdring a well near Mount Macedon. Port Phillip, Province of 
Victom . . and quotes a letter (13) from Hobson dated 
January 1. 1845. the portion rdaring to this discussion being— 

“Amongst the secondary hills which skirt the base of Mount Macedon 
there Is a considerable circular plain, which is most elevated in the^ centre 
than at the circumference, and which will be better explained hy a diagram. 
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A. K Vokaaic HlUt furroundbg the plain. 

B» B. The plaiiL 

C. A nrafflp w hog m which are found the bones at a de^ of 4i feet 
After digging throngh a solid paa^ soil for 3 feet you t^ 
arrive at a stratum of gravel ab^ 18 inches thicks in ^kfa the 
bones are deposited This layer of gravel rests upon a bed of 
firm clay» which is unfossillferous. 

The bog or marsh In which the bones are found Is about 4 acres 
in extent, and appears to contain bones at every point I opened 
two pits at 150 yards distance from each other iid found pones 
in both, in the same stratum of gravel" 


Owen (12) also mentions that in 1844 he received bones from 
Patrick Ma:^e from ''freshwater beds, Mount Macedon”: 
Mayne informed him by letter that they were found about 
6 feet bdow the surface in sinking a well.” Owen in his report 
to the British Association alludes to the fact that bones from the 
same locality as Hobson’s came from, were described by F. A. 
Grccvea in a letter to The Port Phillip Patriot on February 3, 
1844. In this letter Greeves states that Mr. Mayne made the 
discovery " in alluvium ” near Mt. Macedon ” and that he 
(Greeves) believed the bones to be the remains of a gigantic 
wombat. They were brought to Melbourne by Mayne and were 
subsequently presented to the Museum of the Melbourne 
Mech^cs' Institute; one limb bone (No. 13005) eventually 
found its way into the collection of the National Museum. 

Hobson (8) published an extract from a letter dated 
February 21, headed "On Soane Fossil Bones discovered 
at Mt. Macedon, Port Phillip ” in which he states— 

"the fouil bones of a number of extinct animals have been discovered by 
Mr. Mayne, near Mount Macedon ... in a small marsh about 5 feet 
beneath the surface, embedded in a layer of dark aUuvium, about a foot 
in thickness, upon which are superimposed a bed of yellow clay, and a rich 
black toil next the surface. The country m the neighbourhood is volcanic 
and covered with scoriae and vesicular lava." 

Hobson (7) also published a letter dated January, 1845, from 
himself to Ronald C. Gunn, of Launceston, in whi^ he states^ 

**The bone locality is a large amphitheatre almost nirounded by conical 
volcanic hills; the centre of the amphitheatre is on a much higher plain than 
iU peripheryp and on the top of the little truncated cone there is a marshy 
looking place covered by a peaty looking vegetation and the soil itself has 
much the character of peat 101 three or tour feet below the surface. Under 
the peat is a bed of gravel, in which the bones are deposited in vast 
quantities, but from there being immediately beneath the bed of gravel a 
bed of firm ferruginous clay, the water is unable to escape, and in con¬ 
sequence, at this period of the year, it is a work of great labour to obtain 
any bones and quite impossible to get them without mutilation, owing to 
the water pouring in to the port dug 10 fast as to prevent your seeing what 
you are about. Notwithstanding all this, and we were there only one day. 
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I l oo e te d cd b one bcbor of an cnonaoiu Rodent fnUy tmkfi 
long and on# <md a qwitr ktfUM broad with three hnge meuart fnllr foar 
Hmii as largs at thoss of a RMiaostros: with bonei of the gigantic 
k ang aroo atn those of •oone lam enraorial tard, probaUy an En^ The 
omm or bog ia of the extent of aboot foor acres, and appeara to contab 
booea at every pobL” 

Hobion (8) published an extract ot anotfier letter from him to 
Gunn dated June, 1845, stating that Owen had identified all the 
apedmens from Port Phillip as Diprotodon except two; in 
addition he had identified Noikothtrium, 

I 

It is to be noted that Hobson clearly states that he obtained 
his bones from a bed of gravel and that both Hobson luid Gr^es 
state that Mayne obtained his bones from a (dark) alluvium; 
both were stated to come from “ near Mount Macedon." In the 
table of localities of D. australis published by Owen (12) in 1877 
he states that Hobson’s bones came from Quaternary gravds and 
Mayne’s from freshwater beds. 

The locality given for the discovery “ near Mount Macedon ” 
has been a matter fur conjecture since Owen (12) published it; 
an examination of old records makes it clear tost the locality 
was actually Lancefield. 

In the early forties—up to 1848—^James P. Mayne held the 
Lancefield Run; it passed from him to Dunsford, who took up 
the pre-emptive right immediately east of the town of Lancefidd. 
The site of the town was part of the Run and sometimes referred 
to as Five Mile Creek Ilie town was surveyed in 1854 and does 
not appear on the maps of Victoria published before 1850 
Skene and Ham In 1 q 55 William Blandowski (2) refers to this 
central part of Victoria as "the ranges known as Mt. Macedon 
itself." He observes; " Some distance N.E from the peak of 
Alexander’s Head is a spot where ihe discovery of bones of 
fdgantic antediluvian fossti birds took place, five or six yean ago. 
m a basaltic cavern I was much disappointed at my ineffectual 
endeavours to obtain similar specimens, tn con^uence of my 
inability to suppress the springs of water sufficiently to enable 
me to reach the proper depth ’’ The references to " fossil birds " 
and " a basaltic cavern ” are two of the many mistatements found 
in Blandowski's descriptions, but there ia little doubt that he 
visited the locality where Mayne and Hobson found their bones, 
in 1863 Norman Taylor (18) stated: "About 1 mile S.W. of 
Dunsford’s (Map 5 S.E.) are 'The Spring* where in difsios > 
waterholc some years back, Mr. Mayne found some gigantic fossil 
bones at a drath of from 3 to 4 feet There is no cavern there 
as stated by Mr, Blandowski." Taylor’s reference to the mythical 
cavern dispels all doubt about them both having visited the same 
place; the directions given by each, althou^ from different 
startit^ points, would bring them to Mayne's bone bed. 
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On Jnne 14, 1858, iboot the tine Quarter Sheet 5 S.E. woe 
being surve3Fed by Taylor, McCoy wrote to Owen: 

" we are now trying to find wme more of the fairie mamnaliaa remanu 
by excavathig in the iwunp near Mount Maoedon m whidi were fonnd the 
large Jaws rad teeth and bones of extremities sent home to you Iqr Dr 
Hohion _’’ 

An inspection of the locality indicated by Taylor enables one to 
8x the swamp where Mayne and Hobson obtained the bones more 
than a hundred years ago; it is referred to as the " Bone Bed ” 
near the spring on the accompanying sketch map (fig. 1), The 
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eye of the spring has been interfered with and the peaty bed has 
been turned over by digging at the surface, there is no evidence 
of gravel having been brought up, but there are pieces of 
Palaeosotc bedrock lying about suggesting that former excava¬ 
tions may have reached bedrock If so, the gravels could be 
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resting on bedrock and be stratigraphically older than the basalt 
In the following sections mentioned in Hobson a correspondence 
the date of the letter is given — 


21 1 1844 

1 1 1845 

11845 

ft m 

ft m 

ft in 

burface 

Surface 

Surface 3 0 

Bla^ aoil 4 0 

Peaty soil 3 0 

or 

Yellow day 

Gravel (bone 

Peaty soil 4 0 

Dark allu 

bed) 1 6 

(^vel (bone 

vitim (bone 

Firm clay 

bed) 

bed) 1 0 

uufoisilfler 

Firm ferrugi 


OU8 

nous clay 


Bedrock does not appear to have liem reached in any of the 
sections 

The spring apparently owes its existence to sub basalt or inter 
basalt waters finding their way to the surface but whether 
through a fracture in the basalt or some part of the basalt has 
been removed by erosion is not dear The overflow of the spring 
has cut a shallow valley trending north east obviously the 
direction of the slope of the lava plain Near the spring it is 
cut in peaty beds but further to the north east is as shown by 
laylor on the lava plain it and the peaty soil are newer than 
the basalt 

As Diprotodon and Notothenum were attracted to the locality 
by the spring which must obviously be later than the lava plain 
phase of the Newer Basalt their remains must likewise be later 
It IS conceivable however that the basalt cover from beneath 
which the spring water comes is a scoria cone flow This could 
not be determined without much detailed work Init it may be 
mentioned that the scona cone of Melliourne Hill about 1 mile 
to the south east—the nearest scorn cone to the spnng—stands 
on what is assumed to be the lava plain phase of the Newer Basalt 

6—^Ialbot (Back Ckek) 

McG}y (10) with his usual lack of precision i^ defining 
localities records Diprotodon and Notothenum from Bade Creek 
I here are so many Back Creeks in Victoria that its identification 
would have been impossible but for an amended address in one 
of his letters a copy of which is kept at the National Museum 
to the finder of the fossils On October 23 1861 he wrote to 
Rob Wilkinson chemist Back Creek 

Prof McCoy as Director of the National Museum of Victona presents 
hii oomplimeots to Mr Rob Wilkmson and begs to say that havine 
mmmiiMO with great uiterest the speeiinen sent to the International 
Exhibition by him from Back Creek two of them vu one extremity of a 
loiv bone and one curved fragment of a tusk would be of the highest 
interest as additions to the National collection m the Pubhr Museum 
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Wilkmaon’s rmbr U not filed but McCby'a next letter to hidr oq 
Octo^ 29, looi, is informative. It ii addreaaed to RtA. Wooa 
Willdnemi, chemwt, Talbot (late Back Greek): 

and thanki Urn for " his letter of the 28 th intl, and in reply beiji to lay 
fiiat even u a temporary deposit the spedmeni will be received wtth great 
uitmst . . 

Thua, altho^h McCToy did not succeed m cadging the tpedtnena 
for the National collection, in attem^ing to do so, he unwittingly 
identified the Back Creek from which thw came; the crcdc of 
that name flowing through Talbot. Mr. Baragwanath, Director 
of the (jcoli^cal Survey of Victoria, informs me that Talbot in 
the early mining days was always known as Back Credc. The 
entry in the catalogue of the 1861 Exhibition records the 
exhibit as* “212 Wilkinson, R. W., Back Creek--4^1ogical 
Specimens, etc." 

McC^y (10) figures a middle incisor of the upper jaw, which 
he says may belong to D. longictps. In his explanation of the 
plate where he gives three aspe^ of it he describtt it as " portion 
of the anterior incisor of the upper jaw of a Diprotodon from 
Back Creek " and figures the " lower tusk of Nototheriutn " also 
trom Back Creek 

Back Creek has its source about 7 miles south-west of Talbot 
and flows over a wide flood plain in a mature valley set in un¬ 
dulating Ordovician countrv through the town of Talbot. Near 
the northern boundary of the town it ^ses on to a lava flow of 
the scoria cone phase that cavers the Mount Greenodc Lead, con¬ 
tinues northerly on the lava for about 1 mile and is joined there 
by the Daisy Hill Creek; the confluent streams then flow in a 
lateral valley on the west side of the lava flow. Before the lava 
covered the Mount Greenock Lead, Back Creek joined the Lead 
about 2jj miles north-east of Talbot. Most of the lava that 
covered the Lead came from the scoria cone of Mount Greenock 
The lava covered the main valley but did not encroach far on the 
tributary valley of Back Creek, and there is no lava in that valley 
upstream from Talbot to its source. Mr. Baragwanath informs 
me that the lava across Back Credc’s outlet dammed its waters 
and a lake was formed some distance upstream. This lake has 
been drained by a stream, now the lower mrt of Back Creek, 
cutting back southwards and breaching the dam. 

In the Back Creek Valley upstream from the lava there are, 
then, two distinctive deposits— 

(a) Lacustrine silly Uack cl^ and impure diatomite, both 

newer than the Mount (ireenock lava. 

(b) Fluviatile clays and sands that are older than the Mount 

Greenock lava 

The lacustrine beds rest on the fluviatile days. 
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Vft do not know whether dte Diprotoion remains came from 
or “b.” From what has beim learned of the habits of 
Diprotodon in Victoria there is a strong presumption tbAt they 
came from the lacustrine deposits. If, however, ttiey came from 
the fluviatile deposits, the depth is important, for while the 
surface fluviatile beds are approximately the mme an as the 
Mount Greenock scoria cone flow, the underlying beds as die 
depdi increasea beoime suc^sively older. 

7. — Lakb Colongulac. 

Lakes Colongulac (Timboon), Corangamite, and Colac belong 
to what Grayson and Mahony (5) term the Colongulac type of 
lake: "these shallow basins appear," diey state, "to occupy the 
natural depressions which occur between lava nows, and which 
have been deepened during times of drou^t the wind blowing 
away die dry mud from their beds and mcr^sed in size by the 
action of the_ waves on their banka." Probably all the lakes of 
this type, which have no well-marked streams enteriiv them and 
no outflow, started as shallow dmressions filled with alluvium. 
The depressions were in the lava plain phase of the Newer Basalt 
and the Hampden Tuffs must have fallen in them if they were 
within range; toffs falling in a depression presumably rest on 
alluvium or nave been re-deposited as alluvium. 

Bones of many marsupial nnera have been found on the shores 
of Lake Colon^ac, and Grayson and Mahony show on their 
Quarter Sheets (8 N.E. and 17 S.E. (New Senes)) of the area 
‘^Bone Beds, Diprotodon Beds ” on-the shores of the Lake, The 
bone beds appear to be newer than the Hampden Tuffs, but most 
of the bones were found loose on the shores of the Lidce and it 
is not certain whether they came from the bone beds, the Hamp¬ 
den Tuffs, or the re-deposited alluvium. There are no particulars 
of the beds from which a limb bone—a humenu presented by Dr. 
Greevea—and a leg bone in the Sweet Collection, both belonging 
to Diprotodon, came. 

The succession in the district may be summarized— 

Allovluin. 

Dunes of redeposited Tuffs. 

Soorift cone butlU. 

Bohe Beds. Di^todtm Beds 

Hampden Tuffs. 

Buckshot Gravels. 

[Alluvium In old valleys and depressions]. 

Newer Basalt (lava plain phase). 

8. —Colac. 

The lower jaw with molars and incisors (Holotypc No, 12109) 
of Diprotodon longicops described Iqr McCov (lO), the descrip¬ 
tion of which is checked here, was obtained in sinking a well in 
the Pliocene days of Colac** An exhaustive s^rch has revealed 
no additional facts about this in^rtant specimen. It 
assumed that the well was not deeper than 30 feet, and it is 
ibited that the apecinien was obtained in sinking it. The jaw is 
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fragile and shows considerable decalafication the stimll amOtmt 
of the containing bed adherent to it is light coloured and sug- 

r tive more of a Holocene sedimentary clw than a basaltic day 
may have come from the Holocene surface beds immediately 
south of Cdlac at any rate McCoy had not sufficient evidence 
when he described the specimen to say that the contaimng bed 
was Pliocene 

In the Sweet Collection at the National Museum there is a 
femur of a Dtprotodon from Colac a portion of the containing 
bed adherent to the specimen is a stiff basaltic clay quite unlike 
that on the holotype In the Melbourne University collection 
there is a lower incisor of D ausiralts also from Colac 

Some doubt has lieen cast on the validity of Dtprotodon 
longtceps McCoy as a species Stirling and Zietz (17) mamtam 
^'that while some of the Callabonna fossils certainly reveal the 
dental features of what [McCoy] has based his determination of 
[D iongteeps] we believe that we shall be able hereafter to show 
the characters in question do not amount to more than variations 
which are to be observed within the limits of Owen^s on|pnal 
species But McCoy bases his species on other characteristics 
Diraides the dentition The measurements given by him (10) in 
hi9 desLnption and hgures of the Holotype (No 12109) differ 
and they luve for that reason been checked Since he examined 
(he holotype its anterior portion has been damaged the measure 
nienta in his descnption must be accepted for the lower incisors 
and diastema and it may be stated uicidentally that where it is 
possible to check them they have been found to agree The 
following IS his description (10) with the measurements con 
verted to millimetres — 

Lowrr incisori oerfectly straight with no trace of the upward curvature 
of D (Ow ) length 343 mm (D Auttrahi <nly 254 mm) 

circumference at emergence from socket (127 mm from ti^ 133 mm 
longitudinal extent of worn surface 76 mm greatest width 28 mm being 
as long as but narrower and more oblique than the same part oT 
D Ausiraltx the wearing is in three planes corresponding to the three 
upper incisors opposed to it on each side transverse section at point of 
emergence from socket oblong with obtusely rounded angles vertical 
diameter 49 ram transverse diameter 37 mm outer side slightly concave 
longitud nally above the middle other sides slightly convex than two 
thirds of the incisor ii in socket which extends backwards to vertical with 
line separating first molar with last premolar surface of enamel with 
minute irreguhrly contorted vermicular longitudinal wrinkles and inter 
vcning irregular bmall pits and pores 

Diastema From anterior upper edge of the incisor socket to Second 
molar fD4) 152 mm and is consequently much longer than the corres 
ponding part ui D Ausiralts which is only about 114 mm and it rites at a 
much smaller angle (angle with incisor at socket 17* compared to 20* 30*) 
as It recedes from the incisor 

The poatenoi^ortion is undamaged and ns it was when McCoy 
exammed it Qieck measurements of the molats of both 
rami have been made also (b) of McCoy’s bne figures (10) of 
molars ‘natural siae viewed exactly from above and 
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m profile for the greater convenience of more exact comparison 
wiui the figures of D, oHstralts (Ow ), in Prof Owen’s Memoirs 
than the oblique views in the lithoeraphic plates would 
permit . . . and (c) from McCoy^ pnnted description. 


The first molar is missing. 


(a) Ch*tk 

Aatvrior pottcrior mtuurementa 

(b) ZrlJM J 

right rainuB 

left Tcmui 


D4 28 wiin 

33 mm 

10 mm 

Ml 44 

43 

44 

U2 49 

49 

49 

U3 S3 

35 

52 

Truivene 

meMuremcfitt 


D4 21 

23 

21 

Ml 28 

28 

29 

M2 31 

31 

11 

M3 35 

17 

36 


(c) Pfxntfd 
UttcrxpiiOH 


28 rain 
44 
^5 
38 

2J 

28 

J8 

J8 


There is closer agreement between {a) and {b) than lietwecn 
them and (r) 


The following comparison is between D. longicep^ (10) and 
D. australis (12) — 



Ate of Spettmen 


Iwntr inct*0ts 


Dimsii 


Mmtmrs- 


Leiiith 
Circum 
Dra vert 
troiM 
Socketed 

Kxtrat 

Angle with inciior 

Anjj-.. 

Ml 

Treniveree 

D4 

HI 

UJ 


D fongutpi | 


mature | 

fully grown 

perfeetiy Htratglit 

nearly atraight, 
upward curvature 

343 mm 

254 imn 

IJi 

no 

49 

42 

^7 

34 

2/S 

2/J 

112 

102 

17* 

20--10- 

mi^^ing 

miuinc 

10 

2t> 

44 

47 

49 

58 

52 

61 

21 

23 

29 

36 

11 

41 

36 

41 


McCoy (10) states that D. longtceps equalled in size D. 
amstralu, but this is doubtful. From the tips of the lower incisors 
to the hind portions of the last molars, the distance is, in D* 
longicsps 444 mm. and in D. australis 508 mm Even with its 
longer incisors the distance is shorter m the first than in the 
second species; the distance occupied by the diastema and molars 
is 330 mm. in the first and 381 mm. m the second s^ies, and 
thus commensorately shorter. Except D4, the molars of D, 
hff^gps are all shorter in anterior pewterior diameter, and there 
are nonceable differences in the transverse diameter. The distance 
be t we en the rami opposite the third molar is in D, longicaps 
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AUhoi^h the ffrowth of the lower indsort wa» penisceftt, the 
fact that tn D. wngie$ps (mature a^) they were than in 

D. auHralis (fully grown) is of speafic inqxntance. The incisor^ 
were also stndghter and worn in planes due to the cbaradacristk 
set of the ui>per incisors, the diastema was less inclined and half 
as long amn, the teeth were on the whole smaller and the 
distanoes oetween the rami shorter—these facts suggest a 
narrower head and that the animal is entitled to specific rank. 

McCew also records D, longiceps from Talbot (Back Credc), 
the Duck Ponds, and Limebumer's Point; it must be conceded, 
however, that the material from these localities is unsatisfactory. 

9. —Omeo. 

As the exact locality of the Omeo specimens of Diprotodon 
australis Owen, Noiotkerium victoriae Owen, and N. inarms 
Owen is not given, it is not possible to fix their btratigraphical 
position. O. E. Thomas (ly) discusses Lake Omeo and the 
three physiogra^cal cycles incidental to the development of the 
Lake during which changes in the stream direction in the basin 
took place. ** The Final Events have been/' he states, the 
deposition of the extensive alluvial flats in the lake basin and 
adjoining valleys; the formation of alluvial fans across the outlet 
of the lake; the building and subsequent breaching of the dune, 
and the reversal of the drainage from the north of the lake.” 
In another place he says (19); *'The effusion of lava dammed 
back the waters of Morass Creek and during this period the 
extensive flats were deposited. Morass Creek eventually 
through the barrier and formed a narrow through which 

the lakes that were becoming silted up were drained. Luce Omeo 
is thus a relic of a more extensive lake system.” 

R. A. F. Murray (11) states that the basalt is part of the Older 
Basalt, that is its age is Lower Tertiary. On the Geological 
Map of Victoria (8 miles to an inch), however, its is shown 
to be the same as the Newer Basalt in western Victoria and, 
since its configuration (r/. E. S. Hills) conforms to a lava infilled 
valley of the post-Older Basalt cycle of erosion, the mw is 
probably correct. The lacustrine and fluviatile beds of the Lake 
Omeo basin are, then, either Pleistocene or Recent. 

10. —Buninyonc. 

In 1897 marsupial bones were found in the workings of the 
Great Buninyong Estate Mme, about H niilea south of Buninyona 
Railway Station. One of the fragments has the appearance of 
having been shaped hy human ageing and from thu aweet has 
been widely discussed; it was stated by C. W. De Vis (20) to be 

part of me distal half of a right rib, the seventh or eimth, of 
an animal so large that it could only have been one of the great 
Nototheres in all probability Notothsrium mitehsUi Owen.” 

T. S. Hart (6) described the bed in which the bone was found 
and Ha stratigraimical position. The containing bed was part of a 
lake deposit—a stratified black clay with much caihodw^eoas 
matte# resting on a bouldery bed comisting of blodca of basalt 
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«nd Onknricwi bedrock. The bones and the containing bed were 
ftyritiaedf the banes themscivea were much fractured. A small 
ga^tt bdow the Mack clajr was worked in the mine until 
gutter stamped abruptly against vokanic ejectamenta. Hart (6) 
suggests that the abrupt termination and the position of the 
ejectamenta are probably associated with an actual vent, and 
suco^on of vents, or the local subsidences in the neighbourhood 
of a TOlcsnic vent. These would be eicptosive vents presumably 
through and subsequent to the Buninyong basalt, a flow bdonging 
to the scoria cone phase. The gutter was that of the Devonsmre 
Lead worked under the Buninyone basalt from several shafts. 
The stratigraphical position of the black clay is, therefore, above 
the gutter and below the Buninyong basalt. 

Hart (6) says that the Buninyo^ basalt overlies the Yarrowee 
flow known at Ballarat as the ''First Rock,” another scoria cone 
flow The Buninyong flow is tfie newest of the flows in the 
Ballarat District a^ judged by the amount of erosion was not in 
his opinion of any great age. He considers, however, that a con¬ 
siderable time elapMd between the Yarrowee and the Buninyong 
flows. 

It appears, then, that the lake containing the Notothenan bone 
was formed by the damming of a creek, valley, or gutter by a 
lava flow, probably the Yarrowee flow, and as the bones were 
found in that part of the lacustrine day resting on the bouldery 
hed above the gutter, they are sUghdy vounser man the Yarrowee 
flow Hart savs that the bones are reterabw to “ a comparatively 
recent period." 

The Buninyong basalt is probably contemimraneous with some 
of the flows from the latest scona cones in the Camperdown 
District and the Mount Crreenock flow at Talbot. 

11 —COISIAOAI. 

A. L. Coulson (3) mentions that with other marsupial remains 
found at Coimadai were " Nolotkentdae: several bones not 
referred to any deflnite genus; ” it is assumed, therefore that 
Nototherium occurs in these mammalian beds—^the sands inter¬ 
calated with the limestone, to which he ascribes a Pleistocene age. 

The limestone, he states, was chemicallv precipitated in a small 
lake just before, duriw, and after the eruption of Mount 
Bullengarook, the lava ww from which filled the valley of the 
old BtSengawk River but did not encroach on the lake. He says 
that Ae basin containing the lake i^bably owed its origin to 
unequal consolidation of the underling gravels but he mentions 
also, dmt it wu possiUy assisted by the damming of the River in 
its southern part, by one of the earlier flows of Newer Basalt 
The second possibility suggested by him seems to be more 
plausiUe for it is difficult to envisage the formation of such a lake 
unless it was dammed by a lava flow. A fault—the Dierriwarrh 
Fault—is stated to cross the lower reaches of the Bullengarook 
River near the limestone but its reputed downthrow side is to 
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the south; it played no pan in the dammina. The aooria cone 
flow from Mount Bullen^rook was preceded the accumulation 
of fine ash in the Lake ^in. 

The limestone is later than the Newer Basalt: the Lake existed 
before, during and after the Mount BuIIengarook scoria cone 
flow. The causes that lead to the formation of the Late are 
seemiiwly similar, in some respects, to those responmble for the 
Duck Ponds Lake. 

12.—VVatch Hill (?). 

The records of the National Museum of spedmens (Nos. 
1895-6 and 2^-5) identified by McCoy (10) as NoMhirwm 
mitcheUi Owen from “ Murchill Station ” have lost much of their 
value owing to the uncertainty regarding the locality. Concerning 
the specimens, which were obtained in lw5, the Museum Renter 
gives the following information;—^“Murchill Station (J. mil) 
presented by—Dyson per Hon. Dr. Greeves.” On August 
%, 1865, McCoy published the following letter in *' The 
Australasian ’’:— 

"I beg to announce in your columns a very interesting addition to the 
National Museum collection, which we owe to the kind offices of Dr. 
Greeves . . . The present addition is a small series of four specimens 
found at Murchill Station (beionginir to Mr. Tohn Bell) presented by- 
Mr. Charles Dyson, of Market-square, Geelong, through Dr. Greeves . . .” 

Although a number of authorities have been consulted and old 
paMrs and plans of the many propeities owned by John Bell, a 
well-known Western District ^toralist, have lieen examined, all 
efforts to locate *' Murchill ” Station have been unavailing. Mr. 
J. Maxwell Bell of Golf Hill, Shelford, a member of the family, 
states that he has never heard of such a place in connexion with 
the pastoral holdings of John Bell and expressed the opinion 
that " Murchill" is Watch Hill, formerly owned by John Bell. 
There is little doubt that “ Murchill ” is an error: Mr. J. Maxwell 
Bell’s opinion is probably correct. 

That bone beds were known at an early date near Lake 
Corangamite to which the pastoral holding of Watch Hill had a 
frontage is shown W the following extract of a letter from E. C. 
Hobson (8) to K. C. Gunn of Launceston in 1854 on Diproiodon 
and mentioning an extensive bone deposit near the Lake:— 

" I have received a apecimen of the dielal end of one of the netatsraal 
bones of some large snimal from (Lake Corangamite). The fragment it 
eompletely foulUsed, and from a haM clay cliff on a salt lake beyond Lake 
(ktlae. The same pereon fotmd a large bone, a femur, eight or nine inchee 
in diameter at the upper end and 4 inehee in the middle of the ehaft” 

The salt lake mentioned by Hobson was probably on the Watch 
Hill holding, which is shown on the 8 mile Geological Map of 
Victoria near the north-eastern shore of Late Cotangamite 
between Beeac and Creasy. It was wholly on the lava plain phase 
of the Newer Basalt and within its former boundaries were a 
number of lakes and swamps. The Woady Yalloak Creek flows 
through it. 
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0tr»t|ffr*phloal Positloik of the DlprotodontldM. 


The containing beds of the DiprotodouHdaa hare been deah 
with in die foregoing pages m resp^ to the following localities:— 


1. North Melbourne 

2. Footscny .. 

3. Duck Poodf 

4. Limeburner*! . 

5. Ltnccfield .. 
tf. Talbot 

7. Lake Colongulac 

8. Colac 

9. Oneo 

10. Buninyong 

11. Comailai 

12. Watch Hill 

13. Melton 


Diprotodon atutralU Owen. 

Dkptoioion oarlfu/ii Owen. 

McCoy. 

Diprotodon irntgiceps McCoy. 

Notoihirinm ip. 
Diprotcdon longkipSt NoMkirhm ap. 
Diprotodon ip. 

Diprotodon longicspi, D. australis. 
Diprotodou ap., NoMherium victorias Owen, 
N. merme Owen. 

NoMherium sp. 

Nototkerium sp. 

Notothcrium mite held Owen. 

NotAertiHN sp. 


The stratigraphical positiona aacribed to the containing beds 
and their relationship to the succession of the fluviatile deposits 
as worked out by Keble and Maepherson are as follows:— 


Ate. 


Msrlbjmioag River 
Cycles. 


Recent 


Preeent Cycle 


f Ifaribyrnong Cycle 


Vpper Pleiito. J 
cent I 


V 


Bra>brook Cycle 
Keilor Cycle 


{ 

{ 

{ 

{ 


'■"VKS. 


River 


Recent 

Martbyrnong Terrece 
Maribyrnonf Flood Plain 
Braybrook Terrace 
Rraybrnok Flood Plain 
Keilor Trrraoc 
Keilor Flood Plain 
Vertical erution 


1 , 3 , 6 , 9 . 10 . 


5, Ml. 12. 

1. 4,13? 


Middle-Lower 

Pleiitocenc 


} NEWER BASAI.T (Uv. pl«m phaw) 


The stratigraphical positions of 1, 2, 3. and 4 are considered 
accurate, 6, 9, and 10 approximate, and 5, 7, 11, and 12 are placed 
within wide limits. 


All the species came from deposits newer than the lava plain 
phase of the Newer Basalt and all are of Upper Pleistocene age. 


Habitat of the Dlprotodontidae. 

Including King Island, nine of the containing beds are of 
lacoftrine origin, three are of fluviatile origin, and one is 
from a spriiw deposit. There is no doubt, therefore, that the 
Diprotodonti£e preferred a terrain with lake* and swaiDM, or 
near rivers and springs. They were adapted to a mode of life in 
these surroundings and it is unlikely that they wotdd be easity 
bogged, ahboug^ tbi* is the reason usually assigned for their 
remains being found in association with such deposits. Bogging 
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cMti a doi^ oa their adaptabilit]^ to their eavirooiitierit; ^|eir 
feet were formed for an existence in swampy and merahy pteMs^ 
both hind and front feet were plant^rade, and their muades, 
judged by the attachments, were strong. 

Ijdce CelUbonna, South Australia, where oomidete akdetons 
were found is described by E. C. Stirling {|16) as a paat flat 
clay pan cove r ed at places with dunes and drift Sand. Tne water 
is sut and there are a number of brackish springs issuing from 
its bed. The surface bed is a stiff yellowish clay containing much 
sharp sand, resting on a layer of unctious blue day--^ bone- 
bed--«bout 2 feet mick, which overlies a bed of coarse sharp sand 
beneath which is a blue clay similar to the second bed. The 
position and attitude of the skeletons and the frequent ^mroxi- 
mation of the bones is, Stirling contends, strongly suggesDve of 
death in situ after beiiw boned, which is supportra too, he 
maintains, by the fact that the feet of the skel^ons are most 
deeply buried. _ Conceding the pouibility of their having been 
bogged, as Stirling suggests, it is difficult to understand why they 
were attracted by a wt lake The question presents itsdt, was 
Lake ^llabonna salt when the animals were bogged? W. 
Howchin (9) states that the Lake is portion of the dad Frome 
River System that found its way [probably in the Pleistocene] to 
the southern coast hut “ it is doubtful whether any examples of 
this extinct fauna Dtprotodon, etc., have been discovered in the 
older north to south nver channels.*' The saline conditions are a 
result of a change of climate to the present arid conditions—a 
chmige from a wetter and fertile period to the present aridity 
G. Moular (15) states: "as to the appearance and extension of 
the Diprotoaon australts and similar congeners . . it was a 

greater annual rainfall which Australia enjoyed that ushered in> 
these creatures upon the scene A greater rainfall implies that a 
more exuberant voetation than we now possess was spread over 
the landscape, and following the law of evolution, a race of 
animals in every way more powerfully developed is evolved to 
utilise it ’’ 

Much the same problem arises in connexion with the remains 
found in Victoria near salt lakes such as those in the Western 
District. It is true that none of these remains have been definitely 
associated with saline deposits, but the lakes are now salt: were 
they always so? Previous to the present period of small inflow, 
insufiicient in most cases to keep the lake from becoming salt and 
periodically drying up was there a wetter climate during which 
there was a greater inflow supplying the lakes with sufficient water 
to balance evaporation—a fxiiod when their waters were fre^ 
or periiaps brackish ? If so did this period coincide with the last 
glacial period? It is an interesting fact in this connexion that the 
Norfli Melbourne and Footseray beds containing Diprotodon 
were according to Keble and Mac^erson deposited at the dose of 
the last glacial period (W3). 
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The probable habitat of the Diprotodontidae is well pictured by 
Mr. J« Graham Haines in bis letter (infra) describing* Egg 
lagoon, King Island, in its undrained state Kii^ Island has 
htea affected less 1^ the arid conditions of the mainland and Egg 
Laapon must have represented a close approach to the natural 
hamtat of these marsupials. 


Ooourrenoa of Diprotodon on King Island. 

A record of Diprotodon from King Island not only fixes the 
southernmost limit of its migration—it is not found in Tasmania 
—but gives us s^e idea when the land bridge connecting 
Australia with King Island, and incidentally Tasmania, was 
broken. 

In 1927 the National Museum received from Mr. J. Graham 
Haines a molar (No. 14403) of D, australis from Egg Lagoon, 
Ki^ Island, from what is recorded as a sub-Recent Dmosit. 
This is the only record of Diprotodon south of the mainland; 
Scott and Lord (14^ have, however, recorded Nototherium 
victoriae Owen from swamp lands on the Island. 

Mr. Haines’s information as to the precise locality is given in 
the following excerpts from his letter of June 19, 1944, which 
also contains an instructive description of Egg Lagoon in its 
undrained state:— 

** Qtnte a lot of teeth and jaw bones with teeth in them were found by 
men 1 have employed to excavating a drain through my property on Egg 
Lagoon in the north of King Island. In a distance of about a qiarter ota 
teeth and Jaw bones were found in three different spots . . . The 
allotfnent on which the teeth were found is a 500-acre block in the name 
of J. Hainei, 34/28. To the west of this block you will see it is Joined 
by two blocks, one in the name of Holland and Haines, and the other in 
the name of C WUshire. Take the boundary of these two blocks which 
is the main £n Lagoon drain, extend it half a mile, just a shade south 
of due east, um you will have the approximate place where the teeth were 
found. The dram was approximately 4 feet d^. The tooth was found 
in clay underlying rich black swamp soil. 

Egg Lagoon (the name is misleading) before it was drained was an area 
of low country that was under water during the winter aiul early summer 
. . . It grew the usual plants found on sh^low swamps; it was soft and 
boggy at all Umes, murticularly where it joins the sand and limestone 
country to the west. To the east, the land was sliftfatly higher and covered 
with very big ^per Bark Ti Tree; it was in this country that the teeth 
were found. Before the drain was put through, there was more or less 
a natural water course, not washed out or anything, just a foot or so 
lower than the rest of the flat; it was covered with the same big Paper 
Bark Ti Tree and could not be picked out till the levels were taken . . ” 

The fauna and flora of King Island is Tasmanoid, nof 
Aust^oid. It is probable that the break of the land bridge 
connecting it with Tasmania occurred late in the subsidence of 
Bass Strait, and the fauna and flora has changed little. D^rotodon 
is a continental form and, since it has not been found in Tasmania, 
must have migrated to Kng Island by a land bridge connecting 
that Island with Australia. A reconstruction of the floor of Bass 
Strait from Ac baAymetrical contours indicates that this land 
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bridge joined the leUnd on its east coast, the connenon bang 
throng the Mommgton Peninsula on the mamtsnd, it fs im¬ 
probable that there was ever a connexion through Cape C^wa^ 
^e Mommgton Peninsula Kina Island land bridge was uitact 
when D\protodon first appeared in Victoria, le in the earl> 
Uf^ier Pleistocene or late Middle Pleistocene 
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Abt III .—Note on the Age and Palaeogeograpky of the Brown 
Coal Deposits of Cippstand, yictona. 

By IRENE CRESPIN, B.A. 

[Read 9th Novemtier, 1944; iiiiied eeparately 10th December, 1945.1 

Oontonts. 

iNTUDUCnON, 

BoftU nOM WHICH SAMRJtS HAVE BIKN EXAMIlfED. 

DuTBiBunoN or Poksilb in the Boub. 

Nom ON THl Fosbils. 

Pbobakjb Age or the Bbown Coals and ihe Obioin or the Micbo- 
Fauna Covtaino) Thebein. 

AbstTMt. 

Marine micro-fouiU including foramiidfera, bryoioa and oitracoda were 
found in tlw lignitifennu bedi referable to the Anglesean Stage (Middle 
Miocene), in deep borei in Eaat Gippeland. Later tht^ were diacovered 
in li^itifcrouf material from borea drilled to prove the extent of the 
bauxite in the parUhee of Mirboo and Budgeree and of the brown coal 
depoiiti in the parishes of Loy Yang, Marvvale and Hazelwood. Based 
on stratigraidiic evidence provided by these fosails, it is suggested that the 
brown coals of the Yallourn formation accumulated durmg the Middle 
Miocene, Upper Miocene and probably basal Lower Pliocene. 

Introduction. 

Kollowin|; the record by the writer (1943) of a micro-fauna 
in the lignitiferous clays and sandstones underlying the marine 
deposits in numerous deep bores in Eut GippsTand, it was 
decided to investigate the lignites and sediments associated with 
them, in the Traralgon, Morwell, Mirboo, and Budgeree areas. 

A series of bores has been drilled by the Cximmonwealth and 
Victorian Governments in the Mirboo and Budgeree areas to 
prove certain of the bauxite deposits there. These bores revealed 
tbat, in places, liraites are interbedded with the clays and sands 
whi^ overlie the oauxite. A microscopic examination of samples 
of this lignitiferous materid showed the presence of a small 
micro-fauna consisting of minute foraminifera and fragments of 
bryozoa, indicative of Middle Miocene to lower Upper Miocene 
age. 

In view of this discovery, the State Electricity Commission of 
Victoria was asked by the Mineral Resources Survey to supply 
samples of the Yallourn Formation (Crespin, 1943) met with in 
bores put down to test the brown coal depomts in the Morwell 
and Tranlgon districts. The Commission kindly complied with 
this request and samples have now been examine from borea in 
the parishes of Maryrole, Hazelwood, and Loy Yang. As a result 
a micro-fauna has been found. In preparing these samples for 
micro-examination every precaution was taken to avoid the 
inclusion of any adventitious material. That this fauna is 
indigineous to the lignitiferous beds is supported by the similarity 
of fonu and by the manner of preservation of the fossils. 

l8Sl/«fc-4 



50 Jrtnt Crttpin: 


Borai from o^iloh SamplM ImT* bMn ■ammifamd. 

V 

(1) Bovbs to Psove the Bauxite Dkeosits. 

Paeish of Mibboo. 

(a) Bore No. 27, from 26 feet to 36 feet, and 14 feet 
at)OTe the bauxite. 

Paeish of Budgebbb. 

(ft) Bore No 15, from 105 feet to 110 feet, xmd 15 feet 
above the bauxite. 

(() Bore No. 16, from 103 feet and 26 feet above the 
basalt. (No bauxite was recorded from this bore). 

(d) Bore No 18, from 89 feet to 90 feet, and 14 feet 
above the bauxite. 

(2) State Electricity Commission Bores to Prove 
Brown Coai.. 

Parish op Hazelwood. 

(«) Bore No 31 at depth of 335 feet (Mr. J. M Bndee 
of the State Electriaty Commission notes that thU 
sample is apparently from below the Morwell No 1 
seam ) 

Parish of Maryvals (Morwell). 

(/) Bore No 153, from 238 feet to 240 feet below surface. 
(This sample is 125 feet above the Morwell No 1 
seam and is probably in the Yallourn seam — 
JM.B.). 

(g) Bore No. 155—First sample at 546 feet below 
surface. (8 feet below Morwell No. 1 scam, which 
is 500 feet thick at this locality. Sample was taken 
between two seams of coal each 3 feet thick.— 
J.M,B.). 

Second sample at depth of 552 feet (14 feet 
below Morwell No 1 seam and 14 feet above No 2 
seam, which is here 189 feet thick—J.MS ). 

(A) Bore No 169, from depth of 312 feet. (86 feet below 
Yallourn seam and w feet above Morwell No. 1.— 
JM.B) 

(f) Bore No 171.—First sampk from 363 feet to 364 feet 
below surface (Immediately below Yallourn seam, 
which is here 301 feet thick.—J.M.B.). 

Second sample 558 feet to 560 feet b^ow surface 
(17*19 feet helow Morwell No. 1 seam, wfakh is 
tS feet thick at this locality—J.M.B.). 



-.SQIBBB 


Brown Coal DtpoHtt of Gippsland, Victoria. 51 


PakivA or Lov YAmg (Tbaxaux)}!). 

(/) Bore No. 84, from 26 feet below surface. 

(A) Bote No. 86, from 597 feet below surface. 

(f) Bore No. 92, from 193 feet bekm surface. 

(in) Bore No. 96» freon 99 feet below surface. (26 feet 
b^w a 36-ft. seam, which probably corres^nds to 
the Yalloum seam.—J.M.fi.y 
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(m) Bore No 103 at depth of 300 feet 

(o) Bore No 109—Firbt sample from 257 feet, second 
sample at 295 feet below surface f65 feet below 
the last major seam met It probably corresponds 
to an honzon immediately below the Morwell No 2 
seam—MB) 


Distribution of Fossils in the Bores. 

The following table lists the fossils noted in the bores detailed 
above The letter designations used in the table are the same as 
those given in the foregoing list — 



abcdefghijklmno 


Fosaminwra—- 
Anomalina glabrata Cushman 
Anomalma sp L 
Astrononion australe Cushman 
Cibicidrt cf victoriensiti Chap 
man Parr & Coltms 
Cyclamnuna sp 
Epomdes tp 

Eiphidium creapinae Cush 
Emtdittm sp 
Gfobigcrina hulloidcs cl Orb 
Globigerinoides tnlobui (dOrb ) 
Globorotalia cf cananensiii 
(dOrb) 

Lagena sulcata (W & B ) 
Marginuhna glabra dOrb 
Planulina wiwllcrstorfi (Schw ) 

Antbozoa— 

Mopsca tmivmi Chapman 

BavozoA^ 

Ccllana sp 

Crateropora patula (Waters) 
Fihsparsa orakcicnsis Stol 
Homera sp 

Idntonea milneana d Orb 
Membranipora macro^toma 

(Reuss) 

Retepora nmata Waters 
Retepora sp 
ScuticcUa sp 
Biypsoa indet 

OSTBACODA^ 

AgUia clavata GSB 
AUtacythcre praeantarcticum 

(Chapman) 


Samples from Loy Yang Bores 96 (m) and 133 (n) contam 

osstts 
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Notea on the Foaatla. 

The majority of the fossils listed above are poorly preserved 
many of the bryozoa are indeterminate The fine pores are 
frequently filled with minute particles of lignitiferous matenal 

The most important foramimfera of zonal value found in the 
above bores are Cyclammtna sp and Anomahna so 1. the former 
being characteristic of the Anglesean Stage (Middle Moicene) 
and the latter of the Mitchellian Stage (Upper Miocene) 
(Crespm, 1943 ) 

Cyclammtna is represented ^ several small, moderately well 
preserved tests in Loy Yang core No 109 at 295 feet The 
Angles^n Stage as represented m bores in East Gippsland, where 
It underlies nch fossiliferoua marls referable to m Janjukian 
Stan, is not tjmical of the deposit as found at the type locality 
at Anglesea in Western Victoria, and it is in consequence of this 
facies change that the writer (1943) instituted the term 
“Yalloum tormation ’ for the Gippsland equivalent She has 
mven the stratigraphic range of Cyclammtna from the Andesean 
Stage up to the mtesford substage of the Balcombian Except 
for one record in Sector II (Providence Ponds), the occurrence 
of the genus m the Batesford substa^ is restncted to the deep 
bores m Sector IV (Ninety Mile Beach ) In view of this 
extended stratigraphic range of the genus, it may be unwise to 
assume that the sample in which Cyclammtna was found is 
definitely referable to the Anglesean, but from information avail¬ 
able It seems that it came from an honzon low in the Yalloum 
formation 

The species referred to as Anomaltna sp 1 m the Hazelwood 
Bore No 31 at 335 feet has a restncted stratigraphic range In 
the Gippsland bores and in the Lakes Entrance Oil Shaft, the 
species does not occur in a downward direction below the top 

E rt of the Middle Miocene, le the Baimsdale substam of the 
Jcombian It is the chanwteristic species of the Mitchellian 
Stage (Upper Miocene) and ranges into the basal portion of 
the Kalitnnan Stage (Lower Pliocene) 

Ctbtctdes cf vtciorttnsts Astronton atutrale and Elphtdtum 
eretptnae although typical of the Balcombuui Stage m Gippsland 
as well as in other parts of Victoria, have an extended vertical 
range in Gippsland A australa is recorded from the An^esean 
up to the Kalimnan, where it is fairly common in the basal 
p^on C vtciortensts and £ cresptnae range from the Angle 
sean to the Mitchellun, but their charactenstic development is 
in the Balcombian 

Joints of Mopsea are common throughout the Balcombian Stage 
in Gippsland 

AH the specimens of bryozoa are poorly preserved They are 
all dialky white in aiqiearance and veiy fragmentary The 
assembla^ of species is typical of the Middle and Upper Miocene 
deposits of Gippsluid 
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Probaibl* Ak 6 of Um Brown Ooalo and tho Orinin 
of tho Mloro«Faiuia Oontalnod Thoratn. 

CoDsUkration of the Tertiary stntq^phy, baaed on the 
exanunation of samples front me borea lutra above and of 
ntunerotis sections oi deep bores east, south, and south-east of 
die brown coal deposits, suggests that the ^ brown _ coals of 
Gippsland accumulated over a considerable period of time. The 
basal portion of the Yalloum formation is represented Iqr the 
Ang^eMan Stage, which, east of a line running north from the 
western portion of Ph. Stradbioke throu^ the paridies of 
Cbolungoolun, Wurruk Wurruk, and Bundauguah to Ph. Stl^- 
ford, has bMn proved by boring to underlie the marine 
fossiliferous t^s of the Janjukian Stage. West of that line there 
was apparently a period of accumulation of material in lakes 
which lasted from Anglesean times (Middle Miocene) until the 
close of the Upper Miocene (Mitchellian Stage) or opening of 
the Lower Pliocene (Kalimnan St^). It is suggested that tte 
brown coals accumulated during this period. During the dept^ 
tion of the fossiliferous beds to the east, there was some oscillation 
of the 8ea*floor bringing about a rise in sea-level. The result 
was a sli^t flooding of the lakes to the west by waters^ containing 
a few marine forms which were subsequently deposited in the 
lignitiferous sands. 

The above suggestion as to age of the brown coals is sub¬ 
stantiated by the presence of the typical Anglesean foraminifer, 
Cyelammina, in the sample from Bore No. 109, Ph. Loy Yang, 
which is the most easterly bore to be examined and which is 
situated nearer than the ouer bores to the roam GipMland Buin 
described by the writer (1943), and the presence, in Bore No. 31, 
Ph. Hazelwood, of Anomalma sp. 1, whidi does not appear in 
the stratigraphic section until the top of the Balcombian st^ and 
which ranges through the Mitchellian to basal Kalimnan. 


It is estimated that the brown coals are about IBOO feet thick 
in the Morwell and Yalloum areas, with the Morwell No. 2 seam 
representing the lowest horizon. Foraminifera typiod of the 
Anglesean Stage are present (in the Loy Yang Bore No. 109) in 
the lignitiferous clays which underlie this seam. It is quite 
probable that certain seams of brown coal in this portion of the 
area may be correlated with those which occur in matqr of the 
deep bores south and east of Sale. Iii these bores, seams of brown 
coal were encountered in the Anglesean Stage at considerable 
depths below the manne fossiliferous beds reunable to the Jan¬ 
jukian. A seam 60 feet thick was present in the Sperm Wnale 
Head Bore (Ph. Poole Poole) betw^ the deptlis of 2^729 and 
2789 feet; w feet of brown coal were recorded from the L^ 


Kakydra Bore (Fh. Nuntin) between 3/)41 and 3,131 feet; seams 
of va^ng thiailiesaes occurred in tiie Holland’s Landing Bore 
fPh. Bengworden South) and in the Sale Bore (Ph. WurrOk 
Wurruk). A micro-fauna was* found throughout me Ai^jesean 
in all th^ bore sections. 
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In the bgutiferous clays and sands from bores in fhe Miiboo 
and Bndgim areas and m all bores cxammed in die MorweB 
and Tranlgon areas, except Loy Yang No 109 the micro fauna 
M typically Balcoml^n and Mitchdlian 





5C Irene Cresptn 

Information derived from the Victorian Bonng Recordt and 
personal investigation of many bores in the area, indicate that no 
manne sediments as developed m the Janjukian, Balcotnbuin, and 
Mitchellian Stages east of a line drawn north from No 3 Bore, 
Ph Darnman through No 8 Bore, Ph Stradbroke on Merriman’s 
Creek, alow the western boundary of Ph Coolungoolun to the 
La Trobe Kivcr, thence to the western portion of ^ Stratford, 
arc known west of that line A geolopcal section drawn m an 
east-south-easterly direction from No 8 Bore, Ph Stradbroke 
through other bores along Mernman's Creek to No 14 Bore, Ph 
Giffard, at Scaspray on the Ninety Mile Beach, a distance of 
about 20 miles, illustrates the g^ual thickening, in that direction, 
of the manne Tertiaries No o Bore, Ph Stradbroke, reached the 
brown coal at 3 feet below the surface, after passing through a 
few feet of the “ Torrent Gravels " of Gippsland No 9 Bore, 
m the same pansh and about miles to the east of No 8, 
penetrated the manne fossihferous beds (probably Janiukmn m 
age) at 32 feet and strude brown coal at 222 feet The thick¬ 
ness of the marine beds increases rapidly east of this bore, until 
in No 14 Bore, Ph Giffard, they had not been bottomed at 
1,6(X) feet when dnlling ceased, the bore then being in beds 
referable to the Batesford substa^ of the Balcombian 

The country north of No 8 Bore, Ph Stradbroke to the La 
Trobe River and west through the panshes of Holey Plains and 
Rosedale to Moe has been intensively dnlled to prove the extent 
of the brown coals, but no manne lossihferous beds have been 
encountered 
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The diagrammatic sections of bores shown m Text-figure 1, have been 
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fatma are located, » attached The bore sites m Ph Stradbroke mentioned 
in the text Are also included 



[Ptaoc. Roy. Soc. Victoria, 57 (N.S.), Pra. 1945.] 

Art IV.^Australian Ambrosia Fungi, 

(Ltpioftrapkmm Lirndbergii Lagerberg et Melin, and Endomycoptis sppL 

Dekker.) 


By SHIRLEY WEBB 

(communicated by Dr. Ethel McLennan). 

(Read M November, 1944; issued separately 10th December, 1945.1 


Abstraot. 

1. The fufifus Lepiographium Lundbirgh and two species of sporogenous 
yeasti bclongmg to the genus Endomycopsis were isolated constantly from 
the tunnels of the Australian ambrosia beetle, Phiypus subgranosus in 
Myrtle beech, Nothofagus CuHmnghamii and two other Australian timbers. 

2. The characteristic features of L. Lundbergii are described in detail and 
compared with those of ambrosia funm studied by other workers The 
conclusion is reached that ambrosia lungi from different parts of the 
world belong to the same genus Lejdograpnmm and prolnbly in many cases 
to the above-mentioned species. The first name associated with an am¬ 
brosia fungus was that of Momlia Candida Hartig, but reasons are given 
why the fungus should not be placed in this genus. 

3. The work of other authors connecting the conidiat stage Leptographium 
LmdbergU with the ascigerous stage Ceratostomilla is discussed and an 
affinity suggested between the Australian form and the species Ceratostomilla 
ips. 

4. The two species of Endomycop^ are described as Forms A and B. 
The frequent association of yeasts with wood-inhabiting beetles is mentioned 
and the question whether they serve the beetles directly as food or assist 
indirectly stimulating the growth of the other fungus Ls discussed 

OontenU. 


1. iMTIIdDUCnON. 

2. Method of Isolation. 

3. Account or LeplographiMm Lundbergik 

A. Nomencitture. 

B. Growth chancteristics. 

C. Appearance in the beetle tunnels. 

D. Comparison with other Ambrosia Ftmiti 

E. Connection with the genus MoniUa. 

4. Roationsbip or L«ptognpM»m with the Genus CtratottumUa. 

5. The AasoaATioM or Centettom<Ua with the Austealian 
Ambbosia Fungus. 

6l Isolatton or Yeasts fbom the Tunnels or Platyput subgroiiosiu. 

7. AiaociArnN or Yeasts with Wood Inhabitino BaaTLaa. 

8. SUHUAIY. 

10. RanBiNCBi. 
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latroduotlon. 

It haa been recognized for the put century that beefiest 
belonging to the ftoup of wood-boring insects known u Anibroiia 
beetles, cultivate in their gallenes a fuqmnis crop upon which tficy, 
and th^ larvae, subsequently feed. 'Die beetles uiemsdves have 
received considetable attention and have been described aocuntdy, 
whereas wmparatively little mycological work hu been done on 
the associated fungi 

Spedmens of the timber of myrtle beech, Nothofagus Cunmiig~ 
hamii, which had been attadced by the Ambrosia butte Platypus 
subgranosus, were submitted to uie Botany Department of the 
Melbourne University and many cultures were made from the 
wood immediately surrounding the galleries of the beetle, and 
resulted in the constant isolation of one fnims and two types of 
sporonnous yeasts. The f unras wu identimd u Lsptograpkmm 
Limdbsrgh, Lagerberg^t Meiin, and the yeasts u spedu of the 
genns Efidomycopdr Dekker. Cultures from the beetles thon- 
setves and from larvae taken from the galleries also gave the same 
forms. 

Isolations from the galleries of the beetle in two other 
Australian timbers, Mountain Grey Gum, Eucalyptus gotuocalyx 
and Mountain Ash, E. repnans, helped to confirm the constant 
association of Lsptographium Lundbergri and the Endomycapsis 
spp. with Platypus subgranosus. 

Method of bolatlon. 

In making isolations from the beetle galleries, a block of 
infested timW, preferably with larvae or beetles still present, 
was taken and sterilized superficially with mercuric chloride 
solution The block wu then split with a sterilized tonuduiwk 
in order to expose portion of the gallery or tunnel. Small slivers 
of the timber at the blackened edge of the gallery were removed 
with sterile chisel forcqw and transferred to malt agar plates. 
The plates were left in the laboratory at room temperature during 
the warmer months of the ytar, but duriqg the winter were 
incubated at 25°C. A^redabte powth of the associated 
organisms took place within four or nve days. 

Aowunt of Leptognphlim Lundbeirgll. 

Nokbnclatukb, 

Lsptograpktum Lundbsrgii is the type species of the genus 
Lsptographmm Lagerbeig et Meiin, created and desoribM by 
Lambeiv, Lundberg and Mdin (14) for a fungus which th^ 
isolated from a trunk of Pinus syhsstris showing intense bhsc- 
staining. This organism is now known to be a com mo n cause of 
blue-stain in conifers and it hu also been recorded by Vcrrall (28) 
u a lesser staining fungus of hardwoods in America. 
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Lajjerberg and Melin eoqihaaiaed when they created the raus. 
«a did GttMinann subsequently, that Leptographium was in all 
probability identical with the graus Seopidana Preuss. Scoputaria 
venusta was the name given by Preuss (18) to a blue-staining 
fut^fus which he found on decorticated ^ewood in 1851. No 
spore measurenMnts or details were given and the conidu^ores 
were apparently falsely pictured. They were shown to be 
branched in a ^icillate fashion and the individoal branches to 
be septated. However, the carious manner in which the bases 
of the branches were extended^ across the main stalk of the 
conidio^ore in a collar-like fashion looks very unreal. Saccardo 
doubted -the fidelity of the reproduction, and as the fungus was 
not found again, it seems better to adhere to die later genus 
Leptographium rather than to the somewhat uncertain Scopularia. 

Goidanich (7), a later worker, preferred the use of Scopularia 
to Leptographium and transferred L. Lundbergu to that genus. 

Gbowth Chabactebistics. 

On malt agar, the fungus is fast mxiwin^, covering a 9 cm. 
Petri dish in four to five days. At mnt, it is sparse and white 
with very long aerial hyphae. In an inverted petri dish culture, 
these aerial hyphae ream right down from the surface of the 
anr to the lid as fine strands. In the majority of cultures, the 
\mite mycelium soon acquires a rather powdery appearance due 
to the formation of abundant conidia 

As the culture ages, the mycelium graduallv darkens, while 
the medium changes colour more rapidly and passes dirough 
various shades of brown, from Brussels Brown, Raw Umber, and 
Cinnamon Brown to Fuscous Black or Chaetura Black (Rid^ 
way Colour Standards and Colour Nomenclature). The aerial 
hyphae tend to flatten out very soon with the coll^on of drops 
of honey-coloured liquid and the surface of the culture appears 
moist or even sodden. 

After a period of time, varying from about two weeks to two 
or more months, round yellowish^own yeasty spots, up to 5 mm. 
in diameter, appear in many though not all of the cultures, and 
it is in these that the t^cal conidia and conidiophores o,f 
Leptographium are found clustered together. 

After subculturing for some time, more aerial myodium may 
be formed and the surface of the culture is then quite woolly, 
losing its yeasty or sodden appearance. 

As the cultures commence to change in colour and become 
br oW n, microscopie examination shows the formation of yellow 
to darlc-brown hyphae, twisted in loose strands, both in the aerial 
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and submerged mycelium. Very wide brown hyphae, 10^ 
or more in diameter, also make their appearance and bra 
characteristic. 

The conidia are hyaline and unicellular and are extremely 
variable in shape and size. Those formed in very young cultures 
are as a rule oval or nearly cylindrical and may be from about 
2 to 16/1 in length (6g. 1a). Those formed later on the mature 
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conidiophores are usually somewhat truncate and less variable in 
size, the average for 100 conidia being 8-9/t by 5*3/i with a range 
from 4 to 15/1 by 3 to 7/i (fig. la). 






Fio U.—Ceoidla fmo ■ moturo eoaMlophore fat w oM cahnre. 
K »M. 


The mode of formation of the conidia varies considerably 
according to the hm of the culture. At first, diqr are borne 
singly on the tips of the hyphae and on short branch^ along die 
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main hyirfiae (fig. 2). The conidia tend to adhete together in 
mucoua and form am^I round heads. This can be readily observed 
if the fungus is grown on a clear medium, when the spore heads 



can be seen in situ through the agar (fig. 3). In this stage, a 
strong resemblance to the genus Cephaiosporiutn is shown, and 
if the later mode of conidial development were not observed, the 



fungus could readily be placed in that genus. This stage will be 
referred to in future as the Cephalosporium stage. Cephalosporium 
Corda (Icon. Fung. III., II., 1839) is characterized by possessing 
unbraniAed conidiophores which arise as short lateral branches 
which are not swollen at the apex. The hjraline conidia arise 
singly at the tip of the conidiophore and are pushed to the side 
by the subsequent conidia without falling oil, many holding 
together in a little mucous, forming a small spherical hyaline head. 
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As the cdlure aces, the Cephalos^ium stan is pasaeif, wid 
conidia aie constricted off from side brsiiches vnich beoomd mtn^ 
and more complcscly brandied, until eventually luce brush-like 
heads are formed (^. 4 and 5). The conidia are at first oval 
to somewhat rounded, but before beii^ cut off from the 
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conidiophore become more pear-shaped or truncate The branches- 
of the conidiophore are septated and at first hyaline, but on 
maturing become brown m colour towards the has* The 
s^tations of the mature conidiophore are close to([ether and at 
times give a distinct monilioid ap^rance. The conidia normally 
remain hyaline, but veiy occasionally individual ones may become 
yellow or brown in colour. 
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The conidk freqoeirtly bod in a yeastlike fashion as soon aa 
they are shed and produce a beaded or monilioid type of myedium 
oU the surface of the culture, riving rise to the ymty or sodden 
appearance mentioned above. At times, this yeast-like budding is 
so profuse in a young culture, that the surface of the colony is 
flat and moist and faintly yellow or brown in colour and there is 
no formation of the long white aerial hyphae typical of most 
young cultures. 

Isolations from the beetle gdleries in Mountain Ash, 
Eucalyptus rsgnons, gave in addition to the typical fungus a 
modi more slowly growing form of L. Lundbergii. This form 
was characterised by a complete lack of aerial mycelium and by 
the veiv early formation of typical Leptograpkium conidiophores 
in sulphur ydlow mounds. The first formed conidia were more 
like the mature conidia in shape and size and not nearly as 
variable as those formed at first in cultures with more aerial 
mycelium. 

Appearance in the Beetle Tunnels. 

The appearance of the ambrosia fungi in the beetle tunnels in 
the wo^ has been described by inost authors as a palisade of 
monilioid chains of cells showing glistening white when young but 
discolouring with age. 

When sections of the tunnels of the Australian ambrosia beetle 
in m3^1e beech are examined under the microscope, a similar 
condition is seen. If examined closely, however, it will be seen that 
the palisade consists of fairly wide septated hyphae, which are 
lig^t-brown at the base and gradually pale off to the tip where a 
single hyaline, truncate conidium is borne. The septations give the 
appttrance of moniliform chains, but actually only a s^lc 
conidium is carried at the tip of each septated hypha. Tnis 
condition is illustrated in Plate 1V.. figs. 1 and 2, and if the fungal 
layer is studied and compared with the illustration of Leach et 
at (16) of the ambrosia fungus in the tunnels of the beetle 
Trypedendron rstusum in Pepulus tremuloides. the two will be 
seen to be strikingly similar. At this stage, the ambrosia fungus 
in the tunnels resembles very closely the apices of the ultimate 
branches of the mature conidiophores of Leptograpkium 
Lundbergii. The actual brahehing of the conidiophores is 
obscured because of the dense growth of the fungus around the 
edge of the tunnel. 

Since the beetles and larvae are cropping continually at the 
fungal layer, this complete condition of the arices of the conidio¬ 
phores with their terminal conidia forming a continuous priisade 
IS not often to be found. More frewently, the short wide hyphae 
are cut off to about the level of the first septum and are seen with 
jagged ends while the conidia lie loosely about their bases. An 
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occasional lo^ septated bypha complete with its terminal 
conldium projects forth into the cavity of the tumid where k. 
has been miued by the beetles. At other times less mature 
conidiophoreB are seen with narrower hyphae and more rounded 
conidia at the apex. 

The wood adjacent to the tunnels of the beetles is distinctb 
blackened, givine the appearance that the tunnels have been made 
by plunging red^ot ne^es into the wood. The black stain does 
not spr^ more than about 1 nun. in a transverse direction ot 
horizontal direction but may extend 10 mm. or more lonm- 
tudinally from the edge of the tunnel. When sections of the 
blackened wood are examined, the wood vessels and fibres are 
seen to be densely packed with dark, much branched hyphae. 
The presence of these dark hyphae and the resultant staini^ of 
the timber around the tunnels lend support to the assumption 
that the ambrosia fungus is a wood-staming organism. Many 
yeast-like cells are also present lining the tunnels and at times it 
1 $ difficult to distinguish between them and the immature conidia 
of L. Lundbergii. 

The lieetles and larvae keep the fungus closely cropped ai^ the 
^lleries remain clear in their presence. If, however, the timber 
u kept for a short time after the emergence of the insects, the 
conima and yeast cells germinate and give rise to a h^ed 
monilioid type of mycelium. This stage is soon passed over and 
the tunnels rapidly bMome blocked with a tangle or plug of white 
mycelium. 

CoMPARtSOK WITH OTHER AmBROSIA FuNGI. 

Thomas Hartig (11) was the first to recognize the fungal 
nature of the ambrosia and in 1844 gave the name MonUia eandtdo 
to the ambrosia fungus of the bMtIe Xyleborus (Bostrychus) 
dispar. 

In 1897, Hubbard (13) discussed the ambrosia beetles of the 
United States and gave illustratbns and descriptions of their 
respective fungi. Although he made no attempt to name or grow 
them in culture, he pointed out that they were specific and that 
only the most closely related species of OMtle had the same food 
fungus. His illustrations are interesting and informative. The 
long septated conidiophores which he pictured for the ambrosia 
fungus of the beetle Xyleborus pubeseens and that of X. celsus 
show a .strong resemblance to those described above from the 
galleries of the Australian beetle. Platypus subgraetosus. Hubbard 
observed that an umber brown discolouration tinged the base of 
the clustered "stems” of the ambrosia of X. celsus, but that 
their terminations were pellucid and filled with colourless 
protoplasmic granules. This point increases the resemblance to 
the terminal branches of the conidiophores of Leptographium 
Lundbergii. 



Australian Ambrosia Fungi, 


65 


He described the anibroftU of XyUborus xylo^raphus as con- 
risting of riu>rt erect Btema terminating in spherical conidia and 
pictured the scncalled stems each with three or four septa. He 
stated that the freshly grown fungus is as colourless as crystal 
but that it is ustially more or less stained s^nish-yellow, some¬ 
times resembling a coating of sublimed sulphur. Rumbold (19) 
in a paper on the association of blue-staining fungi with hark 
beetles m pines, mentioned Hubbard's work on ambrosia beetles 
and she too noticed the resemblance to Leptographium LundbergU, 
pointing out that this description of Hubbard’s “ reminds one of 
the greenish-yellow clumps of conidia, which later are honey 
coloured, that characterise the test tube cultures of Leptographium 
Lundbergii, L^rberg et Melin.” The ambrosia fungus of 
Xyleborus pubescens as figured liy Hubbard, reminded Rumbold 
ox the conidiophores of either Ceratostomella pini or C. ips, 
although she stated that his illustration did not represent them 
exactly. This point is of interest in view of work to be mentioneil 
later which connects species of Ceratostofnslla including 
CeraiostomeUa penicillata and C. %ps with the imperfect stage of 
Leptographium Lundbergii, 

Hubbard was of the opinion that the ambrosia fungi were 
specific and that only the most closely related species of beetle 
cultivated the same food fungus. However, it is possible that 
he observed the same species of fungus in different stages and did 
not recognire the relationship between them. 

Schneidcr-Orelli (22) gave a more complete account* of the 
ambrosia fungus of Xyleborus dispar. He stated that the walls 
of the beetle galleries were lined with hyaline, thin-walled. 
septate<l liyphae which swell out at the apex into a sphere; at 
later stages these spherical cells could be seen in long chains. 
He mentioned that in the galleries of another species, Xyleborus 
saxeseni, the cells remained single and were not seen in chain.s. 
According to Schncider-Orclli, the ambrosia fiuigus lost its 
moniliat nature when grown in culture and became more truly 
mycelial. However, even the mycelial growth was characteristic, 
particularly with regard to the browning of the upper surface of 
the culture and the reddish-brown and ultimate black colouration 
of the medium. He did not observe a true spore stage in culture, 
and on this account did not give the fungus a definite name, not 
being completely satisfied with Monilia Candida Hartig. 

Three Californian Ambrosia beetles were described by Doane 
and Gilliland (5) in 1929 and brief references made to the 
ambrosia fungi associated with them. Monarthrkm scutellare 
and Af. detigerum on oak were found to cultivate a fungus which 
th^y thought was probably a species ol Monilia, Thev stated 
that in culture on alfalfa agar " the conidiophoren grow from the 
prostrate mycelium and these bear branching hyphae which form 
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of the descr^itifm of die ftin^ in it It 4Stfi(vk to 

cooqwre it ww fcmm ex s mine d other wo ifa rs. 

Trotter (27) in 1934 exainined the s n ih K wia fnflMs of h 
tropicet Xyubonu tpeda in die bunches of Brtfwiua Gnuidieits 
irotn Ceylon. He observed • layer of short chains of tub* 
olivaceous, sterile, torulose, stsbt^b^ hyphae, A-t2i» in dinncttf, 
conqMsed of two or more conldinm-Iike sqiments of vrl^ W 
terminal one was the thickest A second fttnaal layer above tids 
consisted of a whitish mass of Inraliae, vanously shaped con- 
tinuotts conidia tanging from 8 to 4 by 35 to 7‘5f» or even latger. 
When grown in ciuture, new conidia were prodnced of die 
observed in nature, and, on the same mycelinm, short biancnea 
with mkroconidia. Trotter considered the fungus to bcloog to an 
undescribed ^us and named it Ambrosian^et Mtylamdiau n. 
gen., n. sp. Leadi was of the opinion that Trotter was dealing 
with a fuiu^ completely unrelated to his or Hartig's ambrosia 
fungus. However, the chains of sub-olivaceous hypi» composed 
of two or more conidhim-shaped sqiments, crownM by a la]m of 
hyaline conidia are very suggestive Qf- Ae pktufe presented by 
Ltptographium Lundbtrgttm the tunnels of the Australian 
Ambrosia beetle, while the productioa of mknxonidia on short 
brandies resembles the Cepwosporium 8ta« of young cultures 
mentioned earlier, in which the first formed conidhi am 
frequently very small and are seen in small beads. The posdbility 
that Trotter was dealing with L. Lundbtrgii or a dOMy allied 
spedes does not therefore seem to be exchided. 

More recent work on ambrosia fungus has beetyiubliahed by 
Leach, Hodson, Chilton, and Christensen (16). Inese authors 
gave a detailed description of the ambrosia tun^ of two spedes 
of beetles, Trypod$ndron bttulat on birdi and T. on 

aspen. These two beetles coltivate the same fungus whidi Leadi 
and his co-woricers considered to show enouffh resemblance to 
the ambrosia fungus of XyUbonu dtspar, as desorfbed 1^ Haitig 
and Schndder-Orelli to be placed in die same genus, tboujp 
probably in a different spedes. On account of die oonfurion over 
the nomenclature of MonWa Candida, tbw made no attempt to 
apply a new name, thinking that ambrosia fungi should be studied 
in more detail before their rirttful pfawe was dedded. Pnuliiig 
further studies, they thought die fungi assodated with the beetles 
Trypodtndron bcuitaa aim T. ratutum might be considered as 
strains of MoiMia Candida Hartig. 

The ambrosia fungus of these Trypadtndren spedes, when 
grown in culture, was at first hyaline but became brown with ^ 
and the medium was discoloum widi a diffusible b r o wn stem. 
At first sponilation was poor and only imperfect mmdttpld spores, 
that tended to remain attached end bod in aittt, were fon^. 
After repeated subcnltaring, variants diac spcnrolated aboddbnffy 
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^ c(rt|ii|tti>tly wttM obtfuned. The v<ve> ewre hviline and 
^lipd 11*3^ by lO'OSU in atae, with a range of 6 to 17^ in 
1 and 6 to 14fi in trid^ No nfctenoe was made to branched 
coiMdiO(AonM> blit the (tcacripdon of the fungus otheiwiac 
cori Wp onds weU with that of Ltfttgrapkmm Lurndbergii. The 
anwrs did not observe die targe ydfew to brown yeasty patches 
|om»d by the typical L, Lundbtrgii cenidiophores in cidture, 
but as tfaM are often produced only after a pmod of tnro months 
or dHRe, and sometimes not at all, it is not surprising that their 
formation was overkxdccd. The spore measarements come within 
the range of L. Lundbtrgn. The upearanee of tfie Tryfodttidron 
ambrom ftingns in the neede ealwries in aqien and that of the 
Austrian bMde, Pkayptu Mbgnnosus in myrtle beech can be 
seen to be identical, if a comparison is made of the figure in the 
p(^ die above-mendonea workers and Plate IV., figs. 1 and 
2 m the present paper. ' 

Verrall (30) made a number of new species for the ambrosia 
fungi whi^ he found in constant association with species of 
Piatypui, Pterocychn, and X^tborut. Ctphahtporiim paiUdum 
is tne name whioi he gave to the ambrosia fnn^ of the beetle 
X^borus afjmit. His description of the fungus is as foUowB:— 
" On malt agar, colonies are moderatdy slow growing, reaching 
9 to 14 mm. in radius in six days at room temperature. The 
margins are usually appressed and hyaline while die rest of the 
colony is covered with a thin layer of hydine, fluffy aerial 
mycwum which often becomes appressed with age except for 
iSMted tufts. Aerial mycriium may be entirely ladkiim.. 
Occaaloeally a slight brownish tinge devdops in psirts of old 
cnltures. Yellowlsn yeasty mounds aevel<^ in ageing cultures In 
the yrasty mounds, mycelium may be limited to pointed short 
cellM hypfaae projectiw but shoray from the yeasty mass of 
ctmidia and monilioid cdls. Conmact helicoid hyphal formations 
were commonly obsetyed in the nlamentous myraium. 

ConkUa germinate on malt agar by forming monilioid chains of 
cellB which finally give rise to hy^iae. Spore heads are formed 
relatively soon after genrination. In cultore, typical fruiting 
consiMs of oqihalosporic heads of conidia protrudine but 
slightly above the apr on erect or decumbent conidio^ores. 
Cciudiophores are generally unbrandied and hyaline and terminate 
in one to ten or more hyaline unirollular conidia which are nearty 
spherical to slightly pear shaped, 7'^ to 14*4^ long and 7*9^ 
to 14’(Vwide,aveng^ 10*8by 10*4^ When appreoable aerial 
mycdhim occurs comd^ihores elongate and brana. Sometimes 
the eonidkq^res are composed ptrily or totally of monfliform 
c^, partkiflai^ in die yewty mountu. Ooeasionallv buds were 
obeyed forming laterwy on hyidiae and monilioid duins of 
spores of inj ^w r siaes.,|tid shapes were observed in the agar or 



68 


SMrlty fVebb: 


It hms already been pointed out that culturea ot L. 
fiaas through a Cephalospmum stage when young and t|^t 
m this condition they might be mistaken for cidtuiea of 
CtphalotporUm. Moreover the mature s<mtated conidiopbores 
in the yeasty mounds have a distinctly montlioid appearapce and 
are cluster^ so thickly ti^ther, that unless tea^ out and 
examined very closely, their complex branched nature is not 
readily observed. Altogether Verrall's description of Cepfuict- 
porium paltidum in culture shows such striking resemblaoces to 
Ltptogrophium LundbergU, that the justification for placing it in 
the genus Cephalosporium and his creation of a new species may 
be seriously questioned. However, his cultures are not available 
for comparison and it is therefore not possible to say that he was 
in reality dealing with L. Lundh^rgu. ^ Vemll bdieved 
Cephalosporinm pafUdum to be relat^ to Monilia Candida Ibrtig. 
He pointed out, however that Schneider-Orelli, in describing 
Hartig’s funms, had made no mention of ydlowish yeasty 
mounds or of cephalosporic heads. 

Verrall created a second species of Ccph^sporium, C. luttum, 
for the funros which he found in association with the ambrosia 
beetle, Xyleborus pecanis. He did not observe yeasty mounds in 
cultures of his C. luteum, but he reports that the cultures were at 
first hyaline, though soon becoming sulphur yellow to ligbt>brown, 
while the agar was stained a deep brown. Aerial mymium was 
at first fluffy but became appressed with age. Spores were 
difficult to find, but when produced formed on simple or branched 
conidiophiires, mostly singly, sometimes in heads of two or three 
spores Once aqaiu, Verrall's fungus shows marked similarities 
to L. Lundberffii, and once more objection must be raised to his 
decision to place it in the genus Cephalosporinm. 

The amlirosia fungus associated with the beetles Pterocyelon 
mall and P. fasciatum was reported by Verrall to be Montlia 
brunnea n. sp. Cultures of this fungus were at first hyaline but 
became dark-brown with age and the original isolates were quite 
yeasty in appearance and consisted largely of monilioid chains of 
rounded cells that budded in situ. More mycelial growth 
developed with repeated culturing and small dark-brown mounds 
of monilial cells were seen in older cultures. These monilial cells 
were at times distinctly brown in old cultures and home in simple 
nr branched chains. . Verrall expressed the opinion that his 
Monilia brunnea was similar to, but not the same fungus as that 
described by Leach et ol (16), for the ambrosia of the beetles 
Trypodendron betulae and T. retusae already described above. In 
spite of the similarities he preferred to ctMte a new species for 
it. It can he seen, however, that all his points fit into tne picture 
of Ltptograpkium LnndbtrgH, the fungus described in this ps^ 
as the ambrosia of Platypus subgranasus, and it seems probame 
that he was in reality dealing with the same fungus. 
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Connection with tn£ GbNub Moniua. 

The striking similaritite in the ambrosia fungi described by 
authors from different parts of the world and mscussed above, 
seem to indicate that ttiey are alt closely related or that they 
actually betons to the same spMies. In each case, the resemblance 
to Lsptograpnium LundbsrgU has been point^ out and the 
inference to be drawn is that the ambrosia tungus of Hartig, and 
those of Scbneider-OrelU, Leach st id, Trotter and Verrall can 
all be linked up tvether with the former genus if not all with 
the species L. Lunabtrgii. 

Ltptograplmm Lundbergii is an extremely variable fungus and 
presents very different appearances at the different stages of its 
growth. The ^oung cultures in the Cephalosporium stage with 
their fluffy aerial mycelium might easily be considered to belong 
to a different genus from the older stages with their appressed 
light-brown coloured mycelium, darkened agar and typical 
Leptograpkium conidiophores in the yellow or brown yeasty 
mounds. Some isolates produce more aerial mycelium and 
sporulate less frequently than others. It is therefore quite 
probable that it should have been described under various names 
by different workers. 

The first name given to an ambrosia fungus was that of 
MornUa Candida, by Hartig in 1844. However, Schneider- 
OrelK pointed out that since the work of Hartig, the name 
Monttio Candida had been used by Bonordeo (3) for a different 
fut^s, the yeast-like form now so well known in the literature 
of fermentation. Bonorden was apparently ignorant of Hartig’s 
earlier use of the name for the ambrosia fungus. Monilia candid 
Hartig remained completely distended for a considerable time, 
so that any discuuion of MonUut Candida in mycological text 
books almost always refers to the Bonorden fun^. Although 
Hartig’s fungus actually would have prior claim, the name 
Afonina Candida is in such common use for Bonorden’s fungus 
that much confusion would arise in any attempt to change it. 

But in any case, the use of the name Afonitia Candida 
for the ambrosia fungus seems to be excluded. The genus 
MomUa Persoon is characterised by having conidiophores with 
dichotomous grape-like or irregular, sparing or frequent branch¬ 
ing, bearing at die tips of the branches or on little blunt teeth near 
the tms tm simple or branched chains of hyaline cooidia. The 
conidm of the Australian ambrosia fungus are borne singly, not 
in chains and therefore it should not be placed in the genus 
JifoMtlw. Provided the assumption is ^ correct that other 
workers have mistaken the septated terminal branches of the 
conl^ophores of Leptograpkium for monilial diains of conidia, 
one would be Justified in saying that none of the ambrosia fungi 
lihould have placed in the genus Atonilia. 



70 ShirUy fTtH; 

Balatlontliip of LH^tographloia ^tb tlia C^mu 
OoratoatMuallab 

Several workers have linked the conidial ataae of 
araphiim with the perfect stage Ctraiostom^lh. In Iwl. 
Grosmann (8) described a new species of Leptogra^umm, L. 
ptniciUahtm which she found, together with two or thtee 
characteristic veasts, in constant association with the bark bfeede 
Ips Typographut and sometimes with Pttyogtnts CMcographu 
in the wo^ and bark of Ptcw asrcsba in Saxon Switaerii^ and 
in WQrtembere. She distinguished L. ptnk^hhm from JL 
Lundhtrm by me form and size of its conidia and Iqr the extreme 
length of its coniditmhore. These features seem comparatively 
insignificant, particularly as the author herself stressed m 
varubility in size of the conidia. Apart from these charactet^cs, 
her cultures agreed very closely indeed with the type species, L. 
LundbergH as to growth and the manner in whicn the conidia 
were borne. 

She was able to obtain in culture the perfect stage of the 
fungus which proved to be a new species of CttnUostonuUa and 
which she described in a later ^per (9) under the name' 
of Ceratosiomella pentcilUtium. Single spore cultures from 
ascospores grew well and gave rise to the typical L$ptograpMitm 
st^ The ascospores were oval or sli|^ly curved and measured 
6'5;i by 2’3 m, while die figures given for the perithecia were 
diameter of base, 250 td 300/*, length of neck 300 to 500;», width 
of neck about 50^. 

Rumbold (19) studied the relation between bark beetles and 
blue-stain fungi and in a paper published in 1931 discussed two 
species of Ctratostomelia which she found in constant association 
with these beetles Ceratostomella fim Munch was shown to be 
constantly^ associated with Denaroctonus frontahs and D. 
brevieomis, and CeratostomeUa ips, n. sp. with Ips caU%graphus 
and Ips grandtcoUis This new species, Csratostomstta %ps was 
described in detail and further points about it given in a later 
paper (20). Although Leptognphium LuHdbtrgh «ras not 
actually^ mentioned as the conidial stage, the descriptions and 
illustrations show a very close resemUance to this fungus. 
Siemaszko (23) investigating the association of fui^ with bark 
beetles in Poland also assumed that C. ips had a conidial stage of 
Lsptographium Lundbergii. Describing the formation of the 
conidia of C. ips, Rumbold stated that “those first formed are 
small, sometimes 2 by l^t. They are hyaline and obovoid. Later 
they form on simple conidiophores in a cluster that increases in 
number as the fungus ages. The conidiophores branch as they 
grow older until they look like small bushes In time die bases 
of the conidiophores turn brown, but the coddia-bearing tips and 
the conidia themselves remain hyaline. The later conidia range 
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from tQ 10*5 by 1 to 3^ They are usually davate." Cultures 
were at firat white but turned warm sq»ia ve^ rapidly and &ially 
jet blade. Peritheda formed in culture were mtge and long- 
necked and were 55 to JOlfi in diameter with an average of 19^ 
9d to 320j» in hei^ wkh an average of 200a> u>d the fewA of 
the neck ibried from 215 to 3,860m averaging r,273fk 
Ascospores had ihe shape of quadrangular priams and ranged 
from 2*9 to 4'6ft by 1*2 to 2*8f» mth an average size of 
3*8f* by 2m 

Usually there were no bristles at the oatiole of the perithecium 
although occasionally a few were seen, irregular both in number 
and Imigth, measunng from 27f( to 45m Rumbold remarked 
that penthixia were formed in the nlleriea with their tnses 
sunken in the gallery walls and that uie beetles kept the necks 
well trimmed. After the beetles had emerged, the abandoned 
galleries were often filled with the protruding bristle-like necks 
of the peritheda. 

Rumbojd pointed out that the term “ association ” as used in 
the descriptuMis of the connection between Ceratostomella pmi 
and Dendroctomu, and between CsratostomsUa ip>s and Ips does 
not have the simificance of the vital association that exists 
between the ambrosia beetles and the ambrosia fungi. The 
association appears to be a more casual one for the bark-bonne 
beetles, which are not known to be dependent on fungi for food. 

The conidial stage Leptograpkium Landbergn was attributed 
by Rumbold (19) to another spedes of Ceratostomelia, C 
ptceaperda, which she found in association with the bark bwtle 
VeHaroetoHus pieeoperda on Picea glauca in Canada Perithecia 
were produced after about five months in culture and the ostioles 
were without bristles. Ascospores were hyaline and ellipsoid 
and measured 3*6 to 4*7/* 1:^ 1*9 to 2fi with an average of 
4*3 by 2m 

Lagerberg and Melin did not connect their newly-named 
fungus Leptograpkium Lundbergn with any of the spedes of 
CeratostomeUa but considered it a distinct form They noted 
that Faick pictured a fun^ exactly similar to it as the conidial 
staM of CeratostomeUa ^«ae, but dedded that the author was 
dealing with a mixture of fungi, C. piceoe typically has 
CephSosporium and Graphium conidial stages. MacCulum (17) 
in working with Scottish blue-stain fungi and Ceratostomella 
ptceae in particular, also illustrated a branched conidiophore 
identical with that of L LundbergU, but he made no mention of 
it except to note that a mixture of forms was present. 

A species of CeratostomeUa was found by Doane and Gilliland 
(5) to be associated with the ambrosia beetle Cnathotriekus 
suki^us on Douglas Kir in California. Two distinct forms, the 
conidial and penthecial stages, were observed in the galleries 
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The conidial atue, which was not given a name and was iiMom* 
pletdy described was replaced by definite black perithecia afte^' 
the l^Ies had left their galleries. The perithecia were flask 
shaped and smaller at the bt^. No further morphological ddails 
were given and it is not possible to say which species of 
Ceratostomella the authors were examining. 

Th« Asaooiation of O«r»toatomellft with tho 
Australian Ambrosia Fungus. 

On examining sections of the tunnels of the Australian 
ambrosia beetle in the timber of Nothofagus cunninghami, a 
cluster of fine bristles, 35 to 45/t long was seen occasionally to 
project into the space of the tunnel from the darkened mass of 
nyphae filling the wood vessels. In a few cases, these bristles 
were observed to belong to dark elongated perithecia which had 
formed in the vessels and which contained small asd with eight 
hyaline rectangular or prism-shaped ascospores (fig. 6). In 
addition, groups of ascospores were lying freely in the tunnels 
adjacent to these perithecia. The ascospores measured 5 to 7ft 
by 3 to 4/1 with an average size of 5*9 by 3*5/i. It should be 
noted that the measurements only relate to a v^ small number 
of ascospores and that an average size for the fungus in question 
could not fairly be taken from them. 



Fio 6—A. Aiciiflporci fnrni • beetle tmaeL X MO. 

B Biistln projcctiiu into the tumel fnmi a aankea 
peritOMdum. X 100. 


Perithecial measurements could not be made, but the peculiar 
prism-like shape of the ascospores, the diffluent asci and the 
presence of bristles associate with sunken perithecia in the 
tunnels suggest the possibility of an affinity with the species 
Ceratostom^ Ips Rumbold. The fact that three species of 
Ceratostomella associated with wood inhabiting beetles have been 
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described with a conidi^ st^e of Leptographtum, heightens the 
probability that the perithecia mentioned above really constitute 
a stage m the life history of the ambrosia fungus of the 
Australian Platypus subgranosus. Unfortunately all attempts to 
induce perithecw formation in cultures of Leptographium Lund- 
bergti associated with the Australian ambrosia beetles, by the use 
of stron^^y acidified media and media rich in carbohydrates have 
so far htm unsuccessful. 

IfoUtioii of ToMta from the Tunnels of 
Flntypus subgranosus. 

As already noted two characteristic sporogenous yeasts 
belonging to the genus Endomycopsis Deicer were isolated 
constantly from the beetle tunnels in Australian timbers together 
with the ambrosia fungus. The two forms have not been placed 
hpecifically but have bm designated Forms A and B. Stelling- 
Dekker (26) published a monograph on the sporogenous yeasts 
and created the genus Endomycopsis, placing in it many species 
which had formerly belonged to the genus Et^otnyces. The genus 
Endomycopsis is characterized by producing a true mycelium 
with septa tocher with yeast cells which show many-sided 
budding. In the genus Endomyccs she placed diose forms with 
true mycelium and yeast cells which only divide by transverse 
fission and not by many-sided budding. In both genera, the 
ascospores are as a rule hat shaped. 

In Form A, asci arc produced in whorls at the end of muc’* 
branched septated hyphae and, after the ascospores have been 
shed, a new ascus is often seen to grow up inside the old one 
(ace fig. 7 and Plate IV.). The asci arc oval in shape and range 




Fio, 7.—Aici tnd ■■coiporei of £ndoiiiycoi»« Bp. Form A. 
X oppro*. 790 . 
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from. 17>5 to 26n Iv 11 '5 to 20*3ii, with w mrenm of 21* 

13’9m. They oontain four ascospores whiA are httfa a«d wwy 
striking and which are produced readily on malt agar. Th^ an 
prominently hat shaped, with the flange fonnjng a definite prhn. 
The meuurements are as f<rilows:— 

Ruifa AvcMga. 

DlaSMter inchidiiir brim .. .. 8>-U m 11*8 /* 

Dtuncter vidioot brim .. S> 8 # 7 jt 

Dqth ..4-6a 

Only once has a complete ascus of Form A, with its four 
latge hat-shaped ascospores been seen in the tunud of die 
Australian ambrosia beetle in Myrtle Beech, although yeast cdts 
have been very often observed. 

The asci in Form B are considerably smaller and are more 
rounded than those of Form A (fig. 8). They may form in chains 



as well as in whorls on the branched s^tated mycelium They 
range from 6 to by 5 to 6^ averaging 7 tqr 5*5^, and they 
contain four small inconspicuous hat-shaped aacos^res. The 
ascospore measurements are as follows:— 

Range Avenge. 

Duunetcr including brim .. .. .. 3-5 M 3*8 m 

Diameter without bmn .. M’5 0 2*9 0 

Depth .. ..1*5-3 a 2*2 a 

On malt agar. Form A produces a tough* much wrinkled buff- 
coloured colony with distinctly mycehal ed^. In liquid wort, a 

f elatinous sediment hut no pellicle is formed. The oolt^ of 
'oitn B on malt agar is white and shining; Somewhat wrimded 
and fluted in the centre but smooffi towards ffie outside with 
mycelial edges. With age, the colour becomes m^h. In liquid 
wort, growm is similar to that of Form A, promang a gelatinous 
sediment but no pellicle 
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Xb0 AawMlfttton of T«Mta with Wood-lnhabltliic 

Beetles. 

The usodadon of ytasta with wood-inhabiting' beetles is of 
coinmon occurrence and has been reported by many workers. 

Sdureider-Orelli (22), whose study of the ambrosia fungus of 
XyUbonu dispar hu dready been mentioned, stated that yeasts 
were a]wa 3 r 8 present in the tunnels of the ambrosia beetles, but 
he regarded th«n merely as infections. He did not indicate 
whether..they were always of the same type nor did he give any 
details. 

In 1922, Bede (2), described a new species of yeast, Endomyces 
bisporus, which she found associated with the bark beetle Ips 
typographus on the bark of hr. As the name implies, ^ ascus 
only contained two ascospores. Stelling-Dekker transferred this 
yeast to the new genus Endotnycopsis, calling it Etidomycopsis 
bisporus on the grounds that the yeast cells wowed many-sided 
budding and not just transverse fission. Verrall (3) in 1940 
constantly isolated a similar yeast from the tunnels of the 
ambrosia beetle Platypus compositus in pecan, sweet-gum and 
swamp tupelo, and considered it to be the ambrosia fungus of that 
Iteetle. Apparently in ignorance of Beck’s earlier work, he called 
the yeast Endomyces bispora n. sp., making no mention of Beck’s 
species of that name or of Dekker’s transference of it to the 
genus Endomycopsis. 

^iemaszko (23) found members of the Saccharotnycetaceae, 
mostly of a type closely resembling Endomyces bisporus, in 
constant association with Ophiostoma (Ceratostomella) penicillata 
and other spedes and the bark beetle Ips typographus on spruce 
in different parts of Poland. 

Grosmann (8) in her work on the association of bark beetles 
and blue-stain fungi also isolated yeasts. They were of throe 
types, a budding yeast with hat-shaped ascosimres arising 
parthenogenetically, a second sporogenous one forming mycelium 
in addition to yeast ceHs, and a mycelium-forming asporogenous 
yeast. 

Leach, Orr, and Christensen (15) found a characte^tic yeast 
constantly associated with bark beetles and the blue-staining fungi 
in felled Norway Pine timber. On examining larvae th^ were 
often, although not always, able to demonstrate the presence of 
yeast celts in the intestine, while they were alwajrs present in 
varymg amounts in the food contents of the intestinal tracts of 
frmly emerged beetles. However, the yeast celb did not show 
any signs of raving been digested and used as food. 
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Studying the association of bark beetles and Ceratostowella 
spp., Rumbold (20, 21) in 1936 and again in 1941, noted that in 
making cultures from the timbers around the bMtle galleries, 
yeasts were always the first organisms to appear, the blue-stain 
fungi only develc^ing later. One of these yeasts was described 
by Holbt (12) in a separate paper as Zygosaccharontyces ^mi, 
a sporogenous yeast forming hat-shap^ ascosporcs but no 
mycelium. Holst was unable to produce evidence of any direct 
relationship between the yeast and the beetle. According to 
Rumbold, the yeasts seemed to have a stimulating effect on 
Ceratostomella montiutn, causing it to grow more vigorously and 
to fruit more quickly than in pure culture. 

If, as she suggests, the yeasts tend to accelerate growth and 
sporulation of the fungus, there may be a ddinite significance in 
the constant presence of the Endomycopsts spp. in the tunnels of 
the Australian ambrosia beetles. It is conceivable that they 
stimulate the growth and fruiting of the ambrosia fungus and so 
increase the fi^ crop for the belles and their larvae. In addition 
to this, being rich in protein, they may serve directly as food for 
the beetles. 

Support for this suggestion is to be found in the work of 
Guyteot (10) who showed that bacteria-free larvae of the fruit- 
fly Drosophila ampelophtla may breed entirely on yeast. Under 
natural conditions, the larvae feed principally on yeasts and other 
micro-organisms. He reported that he had been able to raise 
fourteen generations of the fruit-fly in the absence of living 
organisms. The larvae were reared equally well on potato and 
living yeast, potato and dead yeut, and on dead yeast alone, but 
did not grow normally on sterile potato. These results were 
corroborated and amplified by Baumberger (1) who found that 
sterile larvae of Drosophila lived only nve ^ys and showed no 
increase in size on agar medium containing sugars, mineral salts, 
and ammonium tartrate as a source of nitrogen, but grew at a 
normal rate and pupated normally if the medium were infected 
with living yeasts. The larvae were also able to live on dead 
yeasts, showing that they were not dependent on the bi-product'> 
of fermentation but actually needed the yeasts as food. A con¬ 
centration of 2 per cent, yeast was suffiaent for normal growth. 
Baumberger concluded that insects inhabiting fermenting and 
decaying substrata of low protein content usually feed on the 
micro-organisms present and thus benefit by the power of fungi 
to extract, absorb, and synthesize many non-protein compounds. 

Steinhaus (25), reviewing work on the microbiology of 
insects, stated that a type of symbiotic feeding on wood and 
similar substances is presented by the beetle Anobium paniceum 
which has special appendages of the mid-intestine containing 
Sacdiaromycetes in their cells. 
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Ait V —BotryHs Corm Rot of the Gladuilus-^ts Cause 
and Control 

ByG C WADE BAgrSc 

(Raul 14th Decanber 1944 iwued Mparately 10th DecembN 1945 1 

Abstract 

A Know conn rot of the Gladiolus caused by a species of Boir-\t t 
probably ideatical with Botrytu gladuh Kld^ u descnb^ The same 
luiigw mfects the leaves and flowers of the Gladiolus It overwinters as 
sclerotes which germinate producing conidia under certain conditions 
(nfected flowers develop abtuidant conidia Cornia are infected after 

digging the fungus entering throu^ the cut stem end or the old corm 
It spreads along the vascular bundles and finally cauKs extensive rotting 
The disesM may be controlled by dipping with Hortosan DP Zetan 
Cometvt subliinate or Aretan as soon after digging as pouible Ihe 
organism has a low optimum and maximum temperature and the diuase 
may be avoided by digging early A number of popular vareties are 
resistant 

Gmidia are produced in artificial cukure on certam media under the 
stimuliis of light The fungus responds to increasing carbohydrate content 
m the presence of vitamins or plant extracts but not in their absence 
Starch accumulates m actively growing lesions but m arrested lesions the 
accumulated starch duappears and a suberm sed layer develops between 
the heahhy and diseased tissue Ihe phloem tissue of mfect^ vascular 
bundles is destroyed before the xylem tissue Infected cornia develop an 
indicator pigment by reaction brtween the living corm tissue and the 
fungus 


Introdttotion 

In June 1940 specimens of Gladiolus corms exhibiting a soft 
rot condition were forwarded to the Department of Agriculture 
by a grower at Kalorama Victoria The condition did not 
resemble the Gladiolus diseases common in Victoria up till that 
time and investigations were commenced to determine its cause 
and control As will be demonstrated in this article the disease 
was found to be Botryhs Conn Rot 

This disease was first desenbed from Canada m 1927 (5) and 
has been mentioned in Canadian literature several times since 
that date (14 26) Drayton stated that it was common in Holland 
m 1929 (12) and according to van Poeteren (54) it is gaining 
ground in that countiy Moore (37) first noted the disease in 
England m 1927 He observed foliage symptoms in Holland m 
the following year It was recorded from Long Island New 
York in (11) 

In 1934 Noble et al (40) recorded a leaf and stem blight 
caused by a species of Botrytts in New South Wales but as no 
mention was made of corm symptoms this appears to he distinct 
from the disease desenbed here 
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Dimock (10) descnbed an epiphytotic of a leaf and flower 
blight m rioridd which he attribute to a species of Botrytis 
fisdale W B (53) has subsequently cast doubt on Dimo^s 
diagnosis and considers the blight was not caused by any organism 
but by physiologic causes Ihe lack of corm symptoms and the 
d mbt of the actual cause made it appear a dilTerent disease t 
that described here 

I rum inform ition obtained from growers the disease was 
piubably present m Victoria for at least a year before specimens 
were submitted to the Department it was araarently introduced 
in imported coims somewhere about 1938 1939 Since the first 
record from Kilorama it has been recorded from other parts of 
the 1>andenong Ranges the Cjeelong district the Ballarat district 
the Mornington Peninsula and the Metropolitan area of Mcl 
biunic The disease is also present m the coastal regions of New 
S( uth Wales (ccrrespondence with Drs C J Magee and Lilian 
1 rascr of the New South Wales Department of Agriculture) 

losses caused bv the disease have been considerable Some 
growers in the Kalorama district have lost over 50 per cent of 
the conns of susceptible varieties in years which have l)een 
fiviralile for the occuncnce of the disease 


Symptoms of the Disease. 

Ml jiarts f the plant aic affected by the fungus but from 
an ctfnomic point of view the attack on the corm is the most 
serious aspect of the disease 

CoKM Symptoms 

Lorms may exliil it several types of symptoms but in the 
opinion cf the writer these symptoms arc successive stages in 
the attack i f the fungus cn the corm This view has also been 
suggested by Moore (37) 

In the earliest stage of the disease only the core of the corm 
is ittackcd At this stage there aie no obvious external symptoms 
in I affected ttnus can readily be overlooked m an inspection of 
c I ms A close examination however shows a brown discoloura 
ti >11 of the basal plate When the corm is cut the core region 
sIdws various stages of a brown rot condition (Plate V 
figs 4 7) 

In liter stages (f the disease the rot travels along the water 
c iiducting vessels (Plate V figs 5 7) and it is possible for the 
c ^rm to he extensively rotted internally without obvioua external 
s> niptotns 
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When the disease reaches the surface of the cuim it spreads 
rapidl> producai^^ soft brown rot I inally the whole conn niay 
be reduced to a soft, rotten condition Lven at this stage of the 
disease, the symptoms may not lie obvious till the bull) scales are 
removed However an infected corm will feci very soft when 
s(tutezcd If the corm is held under humid conditions the fungus 
produces abundant white cottonv mycelium on the surt icc of the 
iorm This mycelium develops large black sclcrotial inas^s 
(Plate V tig 1) Usually the sclcrotes ctialcsct forming large 
coialloid bwlics This stage is similar to that illustrated by 
Huks (26) I he niycehal growth and sclerote development 
usually occur on the surface of the bulb scales and between the 
bull) scales and the corm itstlf 

Under other londitions which are not completely umkistood 
but proliably include exposure to light and to less humid con 
ditions than those which produce the cottony myxehil stage 
abundant conidia of Botr'\tts aic produced on the surface of the 
coim llowevei this stage is less frecpientlv obscived in Vutorii 
than the cottony mycelium sderotial stage 

\fter extended storage the soft rotten conns gradnall} dry 
out i(» a mummilicd condition which usualh hears abundant 
sclerotes on the surface (Plate V hg 2) 

The extensive inleinil disorganizatiun of the conn which in 
practically all c iscs involves the entire coie legion clearly 
differentiates this disease from other coiiiiiion Gladiolus diseases 
such IS S(/rrotf;/m corm rot Siptorui corm rot and Pemcillium 
rot SiUrotinia and Scptoria produce very hard dry rots which 
do not usually penetrate very deeply into the corm Pemctllunn 
may produce in extensive soft lot hut it can usually he traced 
to an injiirv on the surf ice of the corm and its commencement 
cannot be tiaced to the core region Thus a positive diagnosis of 
Botr\tis corm rot can usually be mule from a section of ui 
infected corm 

Ihe symptoms of 1 u\ariunt bellows (Mc( ullock 16) resembles 
the Botr\tts dise«ise in several rcs|Kcts In both diseases the coie 
of the corm is attacked and the disease follows the vascular 
bundles This disease has not been recorded m Australia and 
the author has not had the opportunity of examining sjieumtns 
bill the presence of sclcrotes on Botrytis infected corms would 
distinguish the two diseases The description in McCulIock s 
paptr suggests that Botr\fis also causes a softer tyjH* of rot than 

Fu umitw 
I F\F ^yMPTOMS 

The same fungus is capable of attacking the leaves of the plants 
Affected leaves usually show a large number of small brown 
s|>ots which frequently have a reddish margin (Plate VI 

1SS1/4S—6 



84 


G C WQde 


fig 13) The spots may coalesce causing larger brown areas and 
the leaves may die prematurely Conidia are produced on infected 
leaves under field conditions but much less abundantly than oti 
infected flowers There is no evidence that this phaiM of the 
disease is of great importance under Victorian conditions as it 
rarely appears until after flowering when the plants are already 
senescent Until they are senescent Gladiolus leaves grow 
vertically and have a waxy surface This habit of growth would 
not favour infection from spores 

hLowBR Symptoms 

Flowers frequently liecome infected in the field dunng periods 
of humid weather The fungus causes water soaked areas on 
the petals (Plate VI fig 16) These areas increase in size 
rapidly and finally cause the flower to collapse (Plate VI fig 17) 
Abundant comdia are produced on infested flowers (Plate VI 
fig 16) and this is important in the life history of this fungus 
which does not pr( duce spores readily on most media 

Flowers which are left in the field thus contribute a large 
proportion of the spore load of Botrytxs 

This attack also causes considerable direct loss througli 
destruction of blooms 

Collar Ror 

The fungus occasK nally causes collar rot of the ^wing plant 
under Victorian conditions The foliage of the affected plants 
becomes yellow and finally the whole plant dies When the 
affected plant is pulled up abundant sclerotes can be seen on the 
collar region of the plant (Plate VI fig IS) 

This phase of the disease has not proved serious in Victoria 
and 15 usually due to planting infected cornis It is apparently 
more important under Fnghsh conditions (^7) 


The Cteueal Organism 

Isolation 

Numerous cultures from infected corms have been made using 
tissue platings on to potato dextrose agar and a species of 
Botrytis has been isolated consistently from the material 

Isolations have not been readily obtained from infected leaves 
Moore (37) experienced the same difficulty He explained this 
by suggesting that many of the spots represent abortive infectu ns 
by Botrytis However Botrytis has been isolated from large leaf 
spots formed by the coalescence of several smaller spots 
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Isolations have been successfully made from infested flowers, 
by plating small portions of infected material which had been 
surface sterilized with mercuric chloride on to potato dextrose 
agar Isolations have also been made from single spores on the 
flowers using Ezekiels (17) modification of Keitts method (31) 

No difference could be detected between the characteristub of 
the orgamsm isolated from the conns leaves and flowers 

Morphology 

Mycelium —The mycelium of the fungus develops abundantly 
on infected corms held under moist conditions it is white in 
colour and is loose and fluffy in texture Mature hyphae are 
bomewhat variable m size but average 12/t in diameter Young 
hyphae arc much narrower and average about 4 to 6/& in diameter 
l^e growth on common artificial media is similar to the growth 
on the host When grown on potato dextrose agar slopes the 
mycelium develops profusely 

Sclerotes —After several days growth on the corm or after 
about BIX days growth on potato dextrose agar, the mycelium 
near the substrata darkens and sclerotes develop These are at 
first creamy in colour but rapidly darken to black Frequently 
many sclerotes coalesce forming large coralloid masses Each 
individual sclerote is large in size and ranges from 1 mm to 
6 mm in diimeter The surface of the sclerotes is smooth 

Macrocofitdia —Macroconidia are not formed abundantly on 
artificial media but develop abundantly on infected flowers less 
abundantly on infected leaves and occasionally on infected corms 
Ihcy are also produced from the sclerotes after several weeks 
storage under suitable conditions The conidiophorcs ire brown 
m colour and of the typical Boirytts type (Plate V fig 9) The 
conidiophores are about 12-14^ m diameter The cells of the 
conidiophores are variable in length but average between 
170*290/i This is in marked contrast to the length of the cells 
of conidi^hores of a strain of Botrytis cinerea isolated from 
lettuce The cells of the conidiophoies of the lettuce strain 
varied from 90-170/* The macroconidia are ovoid in shape and 
are 13-18;* (average IS;*) lon^ and 11-12;* (average 12;*) wide 
They are thus considerably wider than the conidia of Botrytis 
gladioli as described by Klehahn (32) who gives the dimensions 
of conidia of that species as 8-15 X 3-6 (average 10 4 X 4 7/) 
They agree with the dimensions of conidia from affected gladioli 
as given by Moore ( 37) who quotes the dimensions as 
12-15 X 9 12;* (average 13 X 10;*) and with the dimensions 
given by B O Dodge and T Laskaris (11) who give the 
dimensions as 12 5 21 4 X 8 3-13 2 (average IS 8 X fO 5fi) 

However it is doubtful whether this difference is sufficient to 
regard this Botrytis as a different species to Botrytis gladioli 
Kleb 
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MKrocontdia —Microconidia were not observed on natural 
media but develop freely in the deptlis of potato dextrose 
dgar cultureb ovei one month old The sporodochia appear 
macrobcopically as olivaceous green aggr^ations of hyphae 
Microscopically the sporodochia arc iienicillate This form is 
common to many Boirytis sjjecies (Drayton 13) Ihe micro 
conidia are produced very abundantly and are sphencal and 
ibout 2fi in diameter 

No perfect stage of the oiganism has yet been observed, but 
the development of microconidia suggests that t perfect stage 
exists Drayton (13) states that, it is highly probable that 
this sexual mechanism is operative with perhaps slight modihca 
tions in all of the si)ermatia producing Ascow\ceUs including 
in the term spermatia microconidia of the t)pe here described 

Groves and Drayton (21) have shown tht perfect stage of 
liatrytts ctnerea is a Sderotxma 

Physiology 

The organism grows free!) on most common media including 
potato dextrose a^u ind malt agar Its growth on Lzapeks 
solution is not vigorous unUss the solution is supplemented with 
vitamins On all these mcdii ionidial production is sparse under 
ordinary conditions Sekrotes m produced rapidly in cultures 
on artificiil medn if the organism Ins not Iieen subcultured 
frequently If however the organism is subcultured frequently 
it eventinlK leises to form sclerotes in culture The mycelium 
liecomts \cllo\Msli in colour and a >ellow pigment devtloiis in the 
substratum 

This Iclnvioiir lesemlles the dual phenenienon descnlied 
Iv 11 N llinscnandW ( Sn>de! (25) 

In a later mle (24) ilu same aiilh rs desciilie the existence 
of two forms of PimixUuim n tUitni J Ik C form is the normal 
ccmdial type which is muntamed in that form if subcultures arc 
made from conidia and caie is taken to avoid ciiiymg mycelium 
over during the transfer If mycelium is used in subcultunng the 
fungus reverts to the non spoiing M form which produces a 
yellow jiigmcnt in the substratum 

\s Boh\tis s]) prt duces c nidii sparsely on artificial media 
sulKTiiltures have ilwavs been made with mycelium and this may 
explain the change in charuter of the fungus after prolonged 
sulKiilturmg However after repeated subcultunng for over a 
year the organisms although changed m appearance was found 
to lie still capable of infecting Gladioli 

The influence of a number of factors on the growth of the 
organism was investigated 
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1 EUl ERATURE 

Methods —Ihc organism was grown in 200 cc Erlenmeyer 
flasks on a liquid medium of potato extract and glucose solution 
prq>ared in the same proportions as potato dextrose agar Tlie 
solution was inoculated by addine a spore suspension of the 
(rganism The conidia were devclcped on autoclaved Gladiolus 
flowers which were inoculated from a recent isolate on P D A 
and then exposed to sunlight on the laboratory bench 

Six flasks were then incubated for ten days at each of the 
following temperatures —19°C 21 °C 23°C 25®C 27®C and 
30®C The fungus mats were then filtered oflF washed with hot 
water dried at 10S°C and weighed 

Results —The results ire shown m I 'ible I and arc illustrated 
in Text fig 1 — 
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Phe organism thus has an optimum temperature of about 21 
and a maximum temperature of about 30®L which is unusuill> 
low for most common fungi 
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This low optimal temperature is m agreement with field 
observations tl^t the disease becomes most senous late in the 
season when the temperatures are low and the humidity high 

Low temperatures favour other members of this genus L E 
Hawker (25) has reported that Botrytvs narc%ss%cola Kleb causes 
greater loss of Narcissus at cool or moderate rather than at 
higher temperatures 

Brooks and Cooley (3) fotmd that Botrytis cinerea had an 
optimum temperature of about 25^C The amount of growth fell 
rapidly as the temperature was raised above the optimum and 
only slight growth occurred at 30®C 

Lkht 

I ight has been found to stimuhte the spore production of many 
fungi Hail (22) found that light stimulated the sporulation of 
^clcrotuita frucHgena and when cultures on agar media in petn 
dishes were left exposed to sunlight on the laboratory bench 
alternate zones of vigorously sponng mycelium and sparsely 
sporing mycelium were produced The vigorously sponng zones 
were produced during the daytime and the sparsely sporing zones 
at night 

G H Coons (7) found that pycmdia of Plenodomus 
fusiomaiulans were only produced in the presence of light and 
C Ternetz (52) found the asa of AKcophanu^ carneus were 
produced under the influence of light 

A Beaumont et al (2) found that conidia of Botrytis tuhpae 
dcvclcped on the host less rapidly in low than high light 
intensities 

W Reidcmcister (45) found that blue light but not red light 
favoured the development of conidia of Botryhs cmerta 

Method A —Cultures of the Botrytts on PDA in petn dishes 
were prepared and when the growth was well established half the 
dishes were removed from the incubator and placed on the 
laboratory bench 

Results —Some conidia developed on the plates exposed to the 
light particularly at the edges of the cultures while no conidia 
developed on the unexposed plates m this expenment and they 
have only rarely l>een observed on cultures which have not been 
exposed to the light However sporulation was not vigorous 
even on the exposed plates and therefore light is not the only 
factor which induces sporulation in the field 

A Beaumont ct al (2) produced conidia of Botntts tuhpae by 
exposing PDA plates to light 

Method B —^Wheat grains were soaked over night in water and 
then 24 test tubes were half filled with the grains plugged and 
autoclaved They were then inoculated with Botryhs sp Twelve 
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of the tubes were placed on the iaboratoiy bench and twelve in 
an incubator with a fflass front held at 23^C Half of the tubes 
on the bench and halt of the tubes m the incubator were wrapped 
in brown paper to exclude light 

Results —The tubes were examined after fourteen days incuba 
tion and it was found that the cultures exposed to the light on 
the bench and in the incubator had developed vig rously and 
abundant sclerotes had been produced In both cases the cultures 
from which light had been excluded had only developed sparse 
mycelial growth and very few small sclerotes The results are 
illustrated in Plate VI figs 19 22 

Nicolaisen W et al (39) found that ScUrotimi tnfoltorum 
behaves similarly and that darkness retarded both the mycelial 
and sclerotial development of that fungus 

NUTRinON 

Espenments have been conducted to determine the effect of 
increased carbohydrate and protein and the presence of vitamins 
cn the growth of the fungus In preliminary experiments agar 
media were used and the diameter of the colonies determined as 
the criterion of growth I his method is not entirely satisfactory 
for no allowance is made for the density of the ^wth of the 
colony 

\J th d —Potato dextrose agar was prepared containing per 
cent 1 per cent 2 per cent and 4 per cent of dextrose lo 
P D \ of each of these dextrose contents 0 per cent i per cent 
1 per cent and 2 per cent of peptone were added Fifteen cc 
of the media were then pourra into 10 cm petn dishes and 
inoculated at the centre with mycelium of Botryits sp A uniform 
amount of inoculum was added by using a biscuit cutter 1 mm 
in diameter as described by Keitt (31) The plates were then 
incubated at 2VC in the absence of light After nine days 
incubation the plates were examined and the diameter of the 
colonies determined The experiment was conducted in 
quadruplicate 

fferu/fj —The results are set out m Table 2 where the mean 
colony diameters are quoted — 
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Ihe most significant result of this experiment was the marked 
response to increase of dextrose concentration A similar response 
by Botrytts uncrea has been found by J L Wcimcr and I I 
Hartner (56) They found that the dry weight of the mycelium 
increased with increased concentration of dextrose up to 30 per 
cent dextrose and was then reduced by further increase in 
dextrose concentration 

Peptone had no observable effect on the growth of the organism 
and apparently botryiis sp does not require large amounts of 
protein for growth 

Utilization of Various Sources of Nitroten 
Method —Czapek s solution was prepared with the usual 


formula of— 

Magnesium sulphate 0 5 grms 

Potassium phosphate (K»HPO ) 1 0 grins 

Potassium chloiidc 0 5 grms 

Sucrose 30 0 gims 

Water 1000 0 ml 


The solution was then divided into six portions No nitrogen 
was added to one series and 0 2 per cent of sodium nitrate uas 
added to another portion 0 123 per cent ammonium chloride 
0 163 per cent of sodium nitrite 0 156 per cent of asparagin 
and 0 177 per cent of glycine respectively were added to the 
other four portions the nitrogen added being thus equivalent to 
0 2 per cent of sodium nitrate 1 7 per cent of agar was then 
added to each solution and after autoclaving 15 cc of the various 
media were poured into sterile petn dishes They were inoculated 
as previously described and then incubated at 2VC for six days 
when they were examined and the diameter of the colonies 
determined There were four replicates of each treatment 

Results —The results are shown in Table 3 — 


Table 3 
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These results indicated that scidium nitrate was the most 
suitable source of nitrogen for Botrytt^ sp S J Du Plcssis (15) 
m experiments on the physiology of Botrytts anerea found tlvit 
the greatest weight of mycelium per unit of nitrogen consumed 
was on a nitrate containing media 







Botrytis Corm Rot of the C ladtt lus 


91 


Therefore sodium nitrate has been used as the nitrogen source 
in sul^quent experiments 

These results demonstrate the unsatisfactory nature )f Lolony 
diameter as a entenon since the diameter of the colonies on 
media with no nitrogen was greater than whtn ammonium 
chloride sodium nitntc asparagin or glycine were present but 
actually the growth was extremely sparse and the weight of the 
colony would have been very much less thin the weight of the 
colonies on any of the other media 

Utii ization of Carbohydrate in a Synthetic Medium 

Method —Czapek s solution plus agar containing 1 5 per cent 
3 per cent 6 per cent and 12 per cent of sucrose was prepared 
The same technique as has been already described was used and 
the colonies were meisurcd after six days incubation 

Results —The results are shown in Table 4 — 


Tablf 4 
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Thus the fungus did not respond to increased sucrose concen 
tration It was therefore obvious thit potato extract contained 
some growth factor not present in the synthetic medium and 
without this factor the fungus did not resjiond to an increase in 
carbohydrate 

I FFECT OF Vitamins on the CiR)wrii of the huNcus 

In 1858 Pasteur (43) had shown that growth of lactic acid 
bactena was stimulated by the addition of onion juice to the 
medium In 1860 Pasteur (44) found that the development of 
yeast in a synthetic medium was markedly improved liy the 
addition of organic substances present in natural materials These 
observations of Pasteur were the first indication of the existence 
of growth factors 

The importance of vitamins for tie growth of certain fungi 
was first demonstrated by Schopfer (47) in 1934 He found that 
Phycomyces Blake ^leeanus required thnmm for growth 

Schopfer (48) lists the following ascomyceies requiring 
thiamin for growth ~Saccharofn%ces cenvt^eae Nentatospora 
gos^ypii Nectria coectnea Sphaerula tnfoiu Valva pint Helvetia 
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tnfula and Haplodemuum ptnestn The importance of thiamin 
for these organisms was demonstrated by a number of workers 
who are quoted by Schopfer 

the in^rtance of pantothenic acid was found tw Williams 
et al in 1933 ( 58) and nicotimc acid was shown to be essential 
for the growth of staphylococcus aureus by Knight (33) m 1935 

Biotm was extratted from t^g yolk by Kogl and Tonnis (34) 
in 1936 and found to be still active on Saccharomyces at a dilution 
of 1 in 4 X 10 

In 1939 Orla Jensen et al (41) showed that lactic acid bacteria 
required riboflavin for growth 

A full account of the historical development of this subject is 
given by Schopfer (48) 

In view of the known importance of vitamins to fungal 
growth an experiment was conducted to determine whether a 
mixture vitamins of the B cc mplex either with or widiout biotin 
would supply the facte r without which Botrytis did not respond 
to increasing dextrose concentration 

Methods —Czapek s solution with the addition of 0 5 grams 
(f cxlcium chloride but without sucrose was used as the base 
solution Heavy metals (iron copper manganese and zinc) 
were added to the base solution Solutions contaimng 0 5 per 
cent 1 per cent and 2 per cent of dextrose were prepared 

1 en per cent by volume of potato extract prepared by boiling 
20 grams of potato m 100 ml of water and nltering was added 
to one series 

Members of the B complex of vitamins (thiamin riboflavin 
nic time acid calcium pantothenate and pyridoxin) were added 
to another series to give final concentrations of ly per 50 ml 

These vitamins together with biotin concentrate to give a final 
concentration of ly per 50 ml were added to another series No 
addition was made to a fourth senes of solutions 

Forty eight ml of the various solutions were pipetted into 
200 ml Lrlenmeyer flasks and autoclaved at half an atmosphere 
for twenty minutes 

They were then inoculated by adding 2 ml of a spore suspension 
of Botrytis with a sterile pipette The spore suspension was 
prepared from a culture on autoclaved gladiolus flowers To 
reduce the risk of carrying over vitamins from the flowers the 
spores were washed twKe by centnfuging syphomng off the 
upematant liquid with sterile capillary tubing and adding fresh 
distilled water 
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The flasks were then incubated at 25 “C for ten days, when the 
nwcelium was Altered off, washed with boiling water, dried at 
105°C, and weighed 

Results —The results are shown in Table 5 and are presented 
graphically in flg 2 — 

Table 5 
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The following statistical report on the results has been prepared 
by Dr H C Forster of the Victorian Department of 
Agriculture — 

" A statistical analysis of the results has been conducted to 
determine (a) the signiAcance of the difference between the 
respective treatments, (b) the signiflcance of the difference if 
any, birtween the regression coefficients of the three treatments 
which included vitamins 
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Since the variation shown by the replicates of the different 
treatments vanes directly with the mean value of the treatment, 
the analysis has been conducted not on the onginal figures but on 
a transformation lased on log (100 x) 


Comparison oh ihe Diffpreni Treatments—Resuits on 
Basis of Loo (100 x) 
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It IS evidtnt therefore that there are significant differences 
both between the various nuin treatments and except in the case 
of the base solution between the dosages of those treatments 

Comparison ot Rfcression Coefficients of Dosacl 
Kecrfssiov Lines of the Various Trfatmfnts 

It IS obvious that the regression line of the base solution is 
significantly different from the other three regression lines The 
base solution treatment has therefore been deleted from this 
analysis and a test ctmducted to see whether the other three 
regression lines differed one from the other 
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It IS apparent therefore that there is no significant difference 
between the regression coefficients of these three treatments 

It should be noted that the recession coefficients of the above 
table are those of the transformed figures (References— 
Snedecor (51) and Cochran (6) ) 
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Ihe results demonstrate that theic is no response to increasing 
clt\tn)se Loiuentration when no vitamins and a purely s>nthetic 
medium is used When vitamins arc add(d to the base solution 
however a marked response is obtained There was no 
signihcant differeiKC betweui the gradients of the turves for 
increasing dextrose lonttnt when vitamins and hiolin or potato 
extract are added to the bisi solution 11 is suggests that vitamins 
are the main limiting factir in preventing response to mtitiscd 
dextn St Iht gieater growth obtained with ^lot ito extract could 
be explained bv the additional carlwdiydi ate added with the 
extract and an extra growth factor is not necessarily present 

Schopfer (48) in commenting on results obtained b> Leoniaii 
and Lilly suggests that the effect of organic di\ds (succinic ind 
fumanc ) on the response of to thiamin is due to the 

addition cf nutrients (carlxm compounds and minerals) rather 
than to an addition il growth factor lii this case the response 
c< uld not be due to minerals since pure mineral salts were not 
used and all the elements known to be important in fungal 
nutrition were added to all solutions 

I ittle response to vitamins was obtained at low dextrose con 
central ions but a very marked response when 2 per rent was 
present (set fig 2) Burkholder and McVeigh (4) found that 
with 4 0 ind 8 0 grams per litre of isparagm and thiamin at 
1 X 10"® Mohr glucose was limiting up to quantities nf 80 or 
100 giams ])cr litre 

\ definite response li hiotiii c neentrate was obtained 
Crystalline hiotin was not avulihle for the expenment and iin 
published data hv Millikan suggests that the biotin coneenli ite 
used contains growth fact rs other than biotin 

It IS unlikely that all the vitamins added are essential for the 
fungus and further work will he conducted to elucidate this point 

PrODUCTIOV OB CONIDIA 

In the field conidia aie produced abundantly on infected 
flowers less abundantly on infected leaves and occasionally on 
infected corms but as already stated in previous sections coniclia 
are not pn duced leadily on ordinary media 

Newton (38) found that conidia of Potr\hs tubpae were pro 
dneed when the fungus was grown on tulip extract arar although 
this fungus does not produce conidia on bailey meal corn meal 
or synthetic agai media Gladiolus dextrose agar was prepared 
in the same manner as potato dexliose agar However when the 
fungus was grown on this medium in the absence of light in an 
incubator at 23*^C no conidia were produced When grown on 
this medium in the presence of light on the laboratory bench some 
conidia were produced but not more than on potato dextrose 
agar under the same conditions 
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As conidia are produced on naturally infected flowers, gladiolus 
flowers were placed in Erlenmeyer flasks and autoclaved Th^ 
were then inoculated with Botrytxs sp and placed in an incubator 
at 23®C They were then transferred to a laboratory bench 
exposed to the light In 21 days after the start of the experiment 
conidia had developed abundantly on the flowers 

Hopkins (28) noted the vigorous sporulation of Botrytxs 
tulxpae on infected flowers and suggested this was due to the 
favorable moisture relations He therefore grew Boiryfts tultpae 
on potato dextrose agar in petn dishes and allowed the medium 
to dry out and conidia were produced on these plates 

Reidemeister (45) considered that the drying out of cultures 
or cultunng on media of high osmotic pressure were the most 
important factors in inducing sporulation of Botrvtis unerca 

An experiment was conducted to determine whether drying out 
of the medium or exhaustion of the food supply would induce 
sporulation of Botrytxs sp 

Method —One millilitre of Mtato dextrose agar was pipetted 
into each of twelve XO ml rirlenmeyer flasks autoclaved and 
inoculated with Botrytxs They were then inculiated at 23®C for 
seven days The plugs of six flasks were then dipped into 
paraffin to prevent the drying out of the agar The remainder 
were unwaxed Three waxed and three unwaxed flasks were 
then placed on the laboratory bench where they were exposed 
to light and the same numl)er of waxed and unwaxed flasks left 
in the inculwtor away from light 

Results —After fourteen days it was found that conidia had 
developed on both sets of flasks which were exposed to light but 
no conidia had developed on either set kept away from light 

A similar experiment was also conducted with gladiolus 
flowers gladiolus stems and cyclamen flowers and again it was 
found that conidia were produced on the materials in both waxed 
and unwaxed flasks which were exposed to light but not in the 
flasks kept away from light 

These results indicate that both exhaustion of the food supp1> 
and drying out of the medium can induce sporulation provided 
the cultures are grown in the presence of light 

The effect of impovenshment of food supply on smrulation 
has been observed with many fungi For example G H Coons 
(7) found that rapid fruiting of Plenodomus fuscomaculans 
could be induced by removing a strongly growing culture to a 
dilute nutnent solution or to distilled water It appears that 
factors which are unfavorable to continued vegetative growth 
are favorable to sporulation 
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It has been noted that, after preparing a spore suspension from 
spore-beanng flowers in Erlenmeyer flaws, sponilation is profuse 
This may be due to washing away nutrients when the suspension 
IS prepared 

Apart from ^rulation which develops from the mycelium 
under the conoitions described, conidia are produced from 
sclerotes on cultures on aiw common medium, after the cultures 
are several months old Plate V, fig 11, shows conidial pro 
duction from a sclerote from a potato dextrose agar culture 
Conidiat production has been observed from sclerotes in cultures 
which had been stored away from light, but conidial production 
occurs more rapidly in cultures expos^ to light 

Botrytis antrea produces conidut from sclerotes in a similar 
manner (60) 

Bffeot of the Fungum on the Oorm. 

Histology 

Sections were cut of corms in which the disease was active 
and of corms in which the disease had been arrested The usual 
method of paraffin embedding was used, except that 5 per cent 
of microcrystalline wax was incorporated in hard paraffin to 
prevent the paraffin forming large crystals and thus facilitate 
sectioning 

In active lesions the middle lamella of the cells of diseased 
parenchymatous tissue had been destroyed and the cells greatly 
distorted The cell contents showed no definite structure but 
contained an accumulation of starch granules At the edge of 
diseased lesions there is usually a sharp line of demarlmtion 
between the almost completely disorganized diseased tissue and 
the surrounding normal tissue (Plate VII, fig 23) The mycelium 
of the fungus was abundant in the disorganized tissue and some¬ 
times penetrated to a depth of several cells into apparently normal 
tissue 

In some sections, however, there was a layer of cells containing 
a reduced number of starch nains lietween the infected tissue 
and the normal tissue (Plate Vll , fig 24) The infected tissue 
contained an accumulation of starch granules and there was no 
subCTinised layer at the edge of the healthy tissue It therefore 
differed from the histological structure of arrested lesions, which 
will be described later 

As previously stated the disease travels along the vascular 
bundles *1116 phloem tissue of the infected bundles is rapidly 
dismtq'rated and later the wood vessels are attacked and 
destroyed Plate VII, figs 26a and b shows a longitudinal section 
through an infected vascular bundle The phloem tissue has lieen 
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almost completely destroyed but the wood vessels still show fairly 
normal structure Hopkins (28) noted lliat Botrytu tuhpae 
destroyed the xylein of infected tulips 

Infected tissue of cornis in which the disease has been arrested 
differ in several respects from those just described Ihe severely 
infected tissue is simil ii to that in actively growing lesions but 
no starch granules are present It is surrounded by a layer of 
cells about 1 to 2 nun wide which have practically no cell 
contents and very few starch grains, hut the cell walls do not 
show marked distortion J his layer of cells only contains few 
Inphae of the organism At the edge of these cells there is i 
la\er of rectangular subtimised cells and l)eyond that the tissue 
IS normil (JMate VII fig 25) 

Lhe development of a suberinised layer around diseased lesions 
m tuliers md cor ms has fiequcntly been reported Hill and 
Oiton (27) found that |x>tato tubers infected with bluestem 
disease pioducc a layer of sulicrmi cd tissue around the infected 
tissue 

Microchtmical Tests 

To determine the clumical changes in the diseased tissue a 
senes of microchemKal tests veere conducted Fresh hand 
sections were used and methods described by Johansen (30) and 
b\ Hill and Orton (27) were employed for most of the tests 

Minions and R^\(JbNis Usu) 

Starch ^\n DFxxRrs 

The u ual k dine test 

SCFEHIS 

A sclution if Sudan HI in 95^ alcohol 
Rn 1 n\f Si ( AHs 

The ( i>a/one test as described by Johaiistn 
pRon rss 

The scctiJiis >\ere stained for 24 h lurs in a siturUed aqueous 
sohitiun ({ picric acid 

Cl-LI l LOSF 

they wire pheed in t drop )f i xline solution and a drop of 
7S7 sulpluiric and \ias allowed tu diffuse under the coverslip 

Mfthyi ros>s 

The sections were placed in one or twe drops of acetone a drop 
of hydn chloric acid was added and the uitiuns wirnied for 
fifteen minutes 

T KMN 

Tht sections \^cre placed in a 1% alcoholic solution of phloro 
gluLinal and a drop ot hydrochloric acid added 
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Akaban AifD Xylan 

The teat waa conducted aa for lignin but the sectKms were wanned 
for ten nunotea 

Pbctin 

The «tectiona were stained in 4 dilate aqueous solution of ruthenium 
red 

Tannins 

The sections were placed in 109f aqueous feme chloride plus a 
little sodium carbonate 

Satonins 

The sectiona were placed in concentrated sulphunc ncid 

Rfsins 

The sections were left in a 7*)^ aqueous solution of copper acetate 
for 5 days 

Oxidase 

The sections wert placed in a 1% solution of binridint in 60^^ 
alcohol 

Peroxidase 

Ihe sections viere placed 111 a 1% solution of Kn/idine m 60% 
'ilcohol and a drop of hydrogen peroxide added 

Catai 

The sections were placed in a 1% solution of gum Arabic and a drop 
of hydrogen peroxide was added 

NirRAIhS 

The sections were placed m a 0 1% solution of diphenylaminc m 
75% sulphuric aad 

PlIOSIHATTS 

The method used was that employed by Hum]ihriy and Dufrenoy 
(29) The sections were placed in a mixture of S ml of a solution 
of 20 8 ml of sulphunc acid and 6 41 gmis of ammonium 
molybdate made up to 250 ml with distilled water and 1 ml of a 
solution of 0 5 grms of 1-amino 2 naphthol 4 sulphonic acid ind 
5 75 grms of sodium bisulphite, plus 5 ml of i 20% solution of 
sodium sulphite mide up to 90 ml with distilled water 

CALauM 

The sections were placed m a 2% aqueous solution of oxalic acid 
The acid was withdrawn after thirty minutes a covcrslip added 
and alcohol allowed to diffuse under the coverslii 

Calcium oxalatf 

The sections were placed in a 7% aqueous *ifliition of copper 
acetate 

SULPHATSS 

The sections were placed in a 1% solution rf lienzidine chlonde 
in 3% hydrochloric acid 

Results — Iht parenchymatous tissues of healthy gladiolus 
conns contain starch grains, but they are not present in the tissue 
of the vascular bundles In corms in which the disease is active 
lUl/46—T 
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CNtfssive accumuatum (if starch occurs in the infected tissue 
(Platt V[I tigs 23 and 24) Ihe surrounding healthy cel's do 
not shou an> nurkcd nductiun in the number of starch grams 
prcstnt Hopkins (28) noted that starch acatmulated m tulip- 
Ijiilb tissiK in felted with Botr\tis tnUpai 

IVitm Is -ihseni from the diseased areas hut is present as the 
iiiuldh 1 mu 111 in hcilth) tissue The cajiacity of Botrytis species 
to lui i/e iHJitni has iKtn noted hv several workers A report by 
the food ind Xegttihles Committee Deiiartnient of Seitnce and 
Indtisiml Htscirch (9) stites tint in studies of tht tiarasitism 
of hotr\tu sp on the apple it was found thii the organism 
utili/id i onsidi r il)1e (|Uintities of peitin Dividsun and 
Willimin -tS) rtjMirud that RoIrMts amna produces pectinasc 
Ihe I iputt\ t / (tr\tiA to ntili/e peitin expl iins the rapid dis- 
01 ^ 1111 /iti n I infiLted tissiu 

Ihi tell wills art changed to a material which stains >elIo\v' 
witiijodme iiid is ipjnrenth a dextrin 

No lediKing migiis were dtkeled in healths tissue but gliitoso 
/onis dtv<lo|M.d in soiiu sections of diseiscd tissue which were 
tesud I he os* /ones did not ipjiear till after forty eight hours, 
wliieh suggisl*! the ledueing sugar present was glucost 

Siponins and the eiirvines catalise and ixjroMdast were present 
111 lioth healthv ind disc ised tissue Oxidase was not detected in 
distised tissiu ind it w is onlv detected m devtloping shiuits of 
tlu he illlu tissui 

I ue mil lies lignin nullnl ptnlosts lesni^ t mnins i lUuiin 
t ikmni ox i1 lit mil suYhites wtie int detccled iii tillier hea tin 
or disi iMil Ti-.'.iu SiihcMii wis not detetted in m ii the t 'ge of 
lelnt dm isid lesions Ihe phosphate lest was not eoiulmttd 
on mite ml » f this t\|K No deposits of piotem mitenal wcit 
deti(tid in ht illlu or (list iscd tissue 

V pigment which changes to \inaceous rufous—Ridgeways, 
colour chart (46) on the addition of alkali is produced la 
infected tissue 1 his pigment is water soluble and when 
cxli icted from ihc corn) is amber >ellow coloured It changes 
to \in uet iis rufous it pH 6 8 ind may lie precipitated from 
a(|iicnns s(»lulion h\ the addition of excess acid The chemicaT 
natiiie (f this mite ml has not lietn determined 

Small ouantftks of the same pigment arc pioduccd in gladiolus 
conns infected with Scptoria gladioh or Bacterium margtftatum 

The pigment is not produced by Botrytts when the organisn? 
grows <»n ])otato dextrose agar or gladiolus dextrose agar 
Potryfii was grown on autoclaved gladiolus eornis but no 
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mdicator pigmeat wu produced Therefore the pigment is pro¬ 
duced by living gladiolus corm tissue when invaded by Botrytis, 
Sepkma gladmi, or Bactmum margmatum 

Kreuzer (35) found that a pigment which changes in colour 
from red at pH 8 5 to yellow brown at pH 4 5 is produced in 
onion roots infected with Phoma hrrestns 

The chemistry of infected tissue in corms m which the disease 
has been arrest^ diflfera in several features from infected tissue 
of corms in which the disease is active The disorganized tissue 
contains httle or no starch but is similar m other respects to that 
described previously 

Ihe phosphate test dcnionstr ited the presence of free phos- 
pliatt or loosely combined phosphorous compoimds in the 
licalthy tissue but no reaction for phosphates was obtained in 
diseased tissue Hiiinphrev and Duf^renoy (29) found that free 
phosi^hite ippcsrs in oat tissue infected with crown lUst 
^Pl>arcnt1> in the cisc of lioirytis the phosphates u:e used by the 
fungus and do not accumulate This tissue is surrounded by a 
la>cr of cells ibout 1 to 2 millimetres wide which is practically 
devoid c»f cf II contents J he cell wills are not distorted m shape 
Imt stain yellow with lodmc showing that they have been partially 
liioken down to dextnns The middle lamella stains progressively 
fainter with ruthenium red towards the disorganized tissue 
indicating tint it has been pirtlv dissohtd 

Ihis layer is surrounded by rectangular cells with subennised 
w ills and bcv< nd the tissue is normal ( Plate VII tig 2®?) 

Pathogenicity and Hoit Range 

Ihc pathogeiiKiU of Botrytis to glulioli was demonstrated by 
111 culiting healthy conns with \ pure culture of the organism 
The organism was introduced by needle jnmeture and the corms 
wtic then pi iced m jars containing a free water surface After 
sc\cral days brown lesions typical of the disease in the held 
developed (Platt V fig 12) and they increased ripidlv m size 
with continued incuhation 

Isolates were made from the edges of lesions on irtifieially 
infected corms and Botr\ti\ was consistently isolated 

1 he disease has only l)een oliserved undt r field eonditions on 
\ inches of Gladiolus prtmulinus and gladiolus hvbnds 

! imited infeetion experiments u'sing the technique desenbed 
alove were condueted on eoims or bulbs of cyclamen narcissus 
CladtoluK cohfillii and /no gratidtflora Infection occurre;^! in 
corms of Gladxolus cohilln and tiia graiidiflora though the 
diseist has not lx:en ohseived on these |)lants m nature 
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Method of Infeotion in the Fl^d. 

it has previcmsly been stated that Botrytis enters the gladiolus 
conn alo^ the vascular bundles Large numbers of infected 
conns were examined and in all cases at least portion of the core 
of the corm was infected and had spread from the core to other 
portions of the corm along the vascular bundles In no case had 
the fungus entered the corms through parenchymatous tissue 

I rom theoretical considerations the fun^ could enter the core 
of the corm through the old corm from infected soil, it could pass 
down into the corm from infected foliage or it could enter the 
corm by infection of the cut stem, or the old corm, after the 
corms were dug 

In most of the infected Lorms examined the whole of the core 
was diseased In some corms however ^only the top portion of 
the core was infected In these cases infection could have 
occurred bv the fungus passing down into the conns from infected 
leaves or by infection of the cut stem end while the corms were 
on the drying racks (Plate V fig 8) A few corms only showed 
infection of the lower portion of the core Infection could have 
occurred from infected soil or by infection of the corms on the 
drying racks 

Pot expenments were conducted in 1941 42 in ordir to deter 
mine the probable method of infection in the field 

The suacqitible vancty Picardy was used for the experiment 
and the plants were grown in virgm, red mountain soil in 8 in 
pots One senes was planted into soil which was inoculated by 
nuxing It with infected corm matenal Ihe leaves of another 
senes were moculated, before the plants flowered, by brushing 
them with comdia developed on artificially infect^ flowers 
Another two senes were inoculated in the same way immediately 
after flowenng After inoculation the plants were held in a 
humidity chamber for twenty four hours and then removed to 
the glass-house 

Abundant lesions, typical of Botrytis infection in the field 
developed on ill the innciihted lei\es 

The corms were dug six weeks after flowenng and the pre 
flowering inoculated senes one of the post flowering inoculated 
senes and the soll imKuWted senes were stored in emsed tins to 
reduce the rate of drying of the corms The otht r post flowering 
inoculated senes was stored under good conditions on i wire 
netting stretcher 

The freshly cut stem ends of two other senes were moculated 
by brushing with diy conidia of Botrytis One senes was stored 
in a closed tin and the other on a wire-netting stretcher 
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Two other senes were not inoculated and one stored in a clMcd 
tin and the other on a wire nettmK stretcher 

There were six replicates in each senes throui^iout the whole 
expenxnent 

\fter storage for eight weeks the conns were examined and it 
was found that t 3 rpicm BotryUs rot had developed in the series 
in which the cut ends of the corms were inoculated at digging 
time and then stored in closed tins Ihe conns in all the otlur 
senes did not develop the disease 

Ihis experiment demonstrated that infection can occur through 
the cut stem ends of the corms, if the^ are stored under humid 
conditions The expenmental conditions may not have been 
favorable for soil infection as the pots were well drained and 
soil infection may require a high soil moisture content However 
evidence in the ncld docs not suggest soil infection is important 
and serious infection of corms, which were ^own on virgin soil 
has been observed The failure of soil sterilization experiments 
to control the disease supports this view 

Vs heavy leaf infection was obtained in the cxt^eriment it in 
unlikely that infection of corms develops b> the disease passing 
down from the leaves into the corms This view is supported 
by the failure of foliage sprays to control the disease and 
evidence from the control experiments conducted subsequent to 
this experiment sug^sts that 'll! field infection occurs on the 
dmng racks after digging 

Vs some of the infection on the racks could kcut through the 
cut stem end of the corm and some Ihiough the old corm it 
'*(emcd possible that the amount of infection would be reduced 
if the tops were not removed irom the ci>rins after digging 

Iherefore an experiment was conducted in the 1943 44 season 
in which 200 corms of Picardy were dug and stored without 
remoMng the tops, on wire netting stretchers The tops were 
icnio\ed from an equal number of Picardy corms and they were 
stond under the same conditions 

Ihe lorms were examined after ten weeks' storage and it was 
found that 45 ix,r cent of the corms from which the tops had 
Ixcn removed were infecte<l while only 34 per cent of the other 
senes were infected Thus the disease enters both from the cut 
stem end and through (he old coim 

Control 

Control measures recommended by Dodge and Laskaris (11> 
and Moore ("17) are stringent fit Id and storehouse sanitation 
These methods would prorablv rcdiui the disease hut are not 
a tompletely satisfactory solution to the problem 
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Ihc cxpenmenlb on control descnl^cd here were <lesigncd to 
prevent iht entr> of the funf^s into the conns the disease 
attaeWs the interior of the uimi it is obvious that dipiang infected 
conns with fungicidal solutions will not control the disease \ 
limited number of experiments were earned out in an attempt to 
stenhze infected corms by vidatile matcnals and these will be 
desenbed later but the method was not successful 

Because of the three i>t>ssihle methods of entrj descrilied in 
the pieteding scetK n experiments were conducted on soil 
stenlization spnying to prevent foliage infection ind dipping 
of the corms st digging time 

Expenments were also tondueled on the influence of time of 
digging and to delcrnunc whcthii any v-ineties ot the gladn his 
were rcsistiiit to the discise 

Son Sr>RII f/\TION PxPlHlMFNrs 

An exiKnnicnt on the cflFect of s il stenhzatun wss c mdtKtcd 
in thi lv40 41 season 

Mith d —Trenches 4 imhts deep and 40 feet long were du^ 
and the fungicidal materials were then ajiphcd Ihe soil wis 
then replaced and the treated areas covered with lugs for five 
days After fourteen days lUO lorms of the variety Ihcardy 
were planted in each treated row and in untreated row Ihe 
experiment wis hid out as a nnd mured block and there were 
four replicates of eacli trcitment 

Ihc treatments tested were—formalin 2 per ccnl applied at 
the rate of J gallon per square >'ird bleaching [lowder at the 
rate of 1 lb per 20 sqiure >'iids and carbon bisulphide at the rale 
of 1 pint per square yard 

Six weeks after the plints hid flowered they were dug and 
placed on wire netting stretches in the same order as their position 
in the field After storage fot six weeks the scales were removed 
from the corms and the nnmlier infected with Botrytts were 
determined 

Results —The plants grew normally except that the foliage of 
the carbon bisulphide treated rows was deeper coloured than the 
controls during the early stages of growth though the effect was 
nut maintained throughout the season This was apparent!} due 
to pirtial soil stenlization (Waksman 551 
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Determination of the F value (SneHecor, 50) simued that the 
<liffefrenccs in the experiment were not sijfnificant. The method 
of angular trans format ion is taken from Cochran's (6) 

Soil aterilization does not therefore a|)[>eai to ofFer any 
}>ossihility of control, and this experiment, considered together 
with evidence previously presented, iiulicaies that miiI infection 
is not an imiiortant factor in the disease I'herefore sod sienh/a- 
lion experiments were not conducted in subserjuenl seasons. 

Spraying Fxperimexts. 

\fcthods .—Conns of the variety Picardy were plaine<l in lows 
<if 100 conns airordiiig to ordinary commercial practices The 
e\ix?nments were sprayed in randomizetl lilocks, each row' of l(X) 
comia constituting a single plot. There were four replicates *)f 
^*ach treatment and the same nunilxr of unsprayed plots 

Tile plots were dug six weeks after flowering and traced on 
wire-netting stretchers in the same order as the position of the 
plots in the field, 'fhe scales were removetl from the conns 
after six weeks' storage and the luniilwr of mfeiled conns 
determined 

Kcsidts (1940-41 scrison) ~Lime siilphm 1 in 40 and () 4 40 
Bordeaux mixture were tried in that season Agral II was 
added to the spravs at the rale of 1 in Z.0(X), and good welling of 
the foliage was olitained. Spraying was commenced one wtTk 
after flowering, as foliage infection cUh*s not <»ccur l>cfore 
flowering under Kalorama conditions 

Lime sulphur w^as incflFective and lesions de\cloj)ed on the 
sprayed i)lants. Bordeaux inixture prevented foliage infection 
for a fortnight after awlication, hut later some lesions developed 
as the spray washed off the leaves 

Table 7 shows the percentage of infected corms — 

Tabu 7 

__ , p ______ — 

- Uwinyed j lJord«»ai Unw flulphiii 

j I 24 ' 5 ". 

Jtiude 28'«6* I 31-lfi' , 

The F value was determined and it was show'ii that the 
differences wrerc not significant. However, it was felt tkil this 
could have been due to an insufficient number of applications of 
Bordeaux, and ^crefore a further spraying experiment w'as 
conducted in the 1941-42 season 
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lu that season 6:4:40 Bordeaux mixture, plus 1 in 2,000 
Agral II., was applied at wedcly, fortnightly, and monthly 
intervals, copper oxychloride (" Soltosan"’) at the rate of 3 lb. 
in 40 gallons, plus i in 3,000 Agral II. at fortnightly intervals^ 
and a commercial copper dust (“ Coppodustat fortnightly 
intervals, were tried. 

The copper oxychloride caused slight foliage injury, and did 
not prevent leaf infection. Copper dust did not cause injury 
Init was ineffective. Bordeaux was effective in reducing the 
numl>er of leaf lesions in the plots that were sprayed at weekly 
and fortnightly intervals. It delayed infection in plots sprayed 
at monthly intervals hut did not prevent its development before 
the corms were dug. 

Table 8 show.s the percentage of infected corms. Analysis by 
the F value showed that the differences were not significant:— 


Tablf 8. 



Unqiniyed 

BordMnx 

WmU> 

BonlMiuL 

VoftnlgfaUr 

BontcAav 

Ifonthly. 

SoltOMD 

CoppodQi4. 

PMumUgr 

2- 


a* 

4* 0% 

4* 

u% 

Angle 

H-ir 

10*88* 

1 14*23” 

Jl*46* 

1 i**eo* 

lf07* 


In this season the ]ierccntagc of infected comis on the untreated 
plots was low, and the experiment was not therefore entirely 
conclusive However, no evidence of iK>ssih!e control by spraying 
was obtained for the second succe.s.sive year, and therefore 
spraying experiments were not conducted in siiliscquent seasons. 

Truatini. riiK Corms at Dic.(;in(, Timk. 

IJipping of corms, bulbs and tul)ers is usually conducted during 
the dormant perio<l liefore nlanting, with the object of destroying 
diseases present on the surface of the corni. However, this would 
not be effective against the Botryfis disease of the gladiolus and 
therefore experiments were conducted to find a method of pre¬ 
venting entry of the disease into the corms 

L. Hawker (25) tried dipping narcissus conns in cold formalitr 
at digging time hut it did prevent infection with Botrytis narcis* 
sicola She found, however, that cold formalin, brassisan, folosan,. 
and ceresan reduced losses due to bulbigenum, F. 

Weiss ct al (57) found that mercury compounds, particularly 
ethyl mercuric chloride and ethyl mercuric phosphate, were 
effective in preventing Fusarium wwal rot of narcissus. A two- 
ininutc dip was as effective as longer treatments. The treatment 
was most effective if given immediately after digging. They 
found that the treatments caused injury to the flower buds in 
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isuli^equem crops, and they did nut achieve a practical compromise 
between effective control and no flower injury. A number of 
treatments at digging time have 1)een tried against Botrytis of 
the gladiolus. 

Methods .—After digging, the conns were washed free of Miil 
with a water spray and then counted into liatchcs of 100. They 
were then plac^ in light hes.sian Imgs and dipped in the fungicidal 
solutions. After draining they were then spread out on wire- 
netting stretchers and stored on racks for drying. There were 
four replicates of each treatment and they were arranged on the 
stretchers in a randoniizwl block arrangement. 

After storage for six weeks the scales were removed and the 
nunilicr of infected conns determined 

Results n^MO-41 season).—Dij^ping treatments tried were lime 
sulphur I in 20 for six hours ami copiicr sulphate 2 per cent, for 
24 hours Another series was dusted with penta-chloro-niiro- 
Iwnzcnc Folosan'*) The variety Wolfgang von Goethe was 
used for the experiments Gram and Thomsen (20) found 2 |)er 
cent, copper sulphate effective in controlling Botrytis tulipac, 
iVnfachloro-nitro-l>en/eiie was found In Smieton and Brown 
(40) In control Botrytis cincrca on lettuce 
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Tii(‘ F value uas detei mined and the diffci cnees found to be 
non significant. 

t opper sulphate caused severe injury and no c(/unt of infected 
conns was possible. 

.^either of the other ireatineiUs caused any significant reduction 
in the number of infected corms 

Results (1941-42 season)—In that season shorter dipping 
limes were employed to guard against similar injury to that pro¬ 
duced by the copper sulphate treatment The variety Hindcn- 
hurg*s Memory was used for the experiment. 6:4:^ Bordeaux 
mixture, plus 1 in 2.000 Agral If., for half an hour; lime sulphur, 
I ill 40. plus 1 in 2.000 Agral II., for half an hour; mercuric 
chloride (corrosive sublimate), 1 in 1,000 for 1 hour, and a com¬ 
mercial brand of copper dust *' Coppodust were tested 
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Whole t\ptriinent highly signiheant by 1 test 

DilTertntt for signihcance at 1 per cent level 3 48' 

Difference for signihcance at 5 per cent level 2 48° 

J he imih< <1 of maUsis of \ iiiaiice described b> Sntdecor (51 ) 
wis used 


Hi th <.crrosi\e siibhnute and eopi)ei dust pnxluLLd a lediutum 
111 infeitcd (.orni-) winch was signihi int at the 1 per cent levtl 
though lh( control c\treise<l by topper dust was not siiflicient t*' 
be of much lornniertiil value Corrosive subliniite txcitised 
ffood control hut caused a sui^rhcnl injur\ in the foim of a hard 
brown depression along the bast of tlie sc ills on the conns 
Ifowt\er when these conns wtre giown the jihiits were normal 
And produced noimal flowtis Hoidtatix nnxtiirt tiused i 
reduction in the ntinilK .1 of infected conns whuh was sign ficaiu 
at the S pir cent level but it \v is not sufficient to Ik? of 
conimerciil ^aluc 

I he numlicr of infected ccinis pnidinul in the lime sulphur 
treited corms was signihcantlv highti than the untreated I Ins 
wras ipjnrently due to the fait that the tieatnicnl dcli)td the 
drying of the cornis and tlK\ nniiintd siisctptihic foi i loiigir 
penod than unlreited corms 


Results (1942 43 siasnn)—In this season corrosive suhiini itc 
1 in 1 000 plus Agml IT 1 in 2(XX) fi>r one niinute and for 30 
minutes and Horlosan DP at the rite of I o/ in 5 giMons for 
two miinttcb and fifteen minutes were tested The conns were 
placed in liags of cheese cloth instead of hessian l>ags fhe 
variety Picard) was used for the expcniiKnt 

Tlortosan DP is a proprietir\ matcnal containing 2 5 ]xr 
cent of mercury as an organic mercuric compound 

TABIf 11 
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Alt treatments caused a significant reiluction in tlu* mmi)>cr of 
anfe^ed corms. llortusan D.P. for fifteen minutes was 
significantly better than all other treatments. Tlicre was no 
significant difference between the two corrosive sublimate treat- 
anentb. No injury was caused by any of the treatments 

Results (1943-44 season).—^'I'he primary object ot the exiXTi- 
ment in this season was to test the cffectneness of other 
wmrietary organic mercurials, and to repeat tests on Hortosan 
D.r. for fifteen minutes and corrosive siibliiiuilc, plus I in 2.(X)0 
Agral IL, for two minutes. Arctan (containing 3*5 per cent, 
mercury as methyl-oxy-elhyl-niercuric chloride used at the rate of 
4 oz. in 10 gallons) and Zetaii (s)iion)rmotis witli New fmproved 
Semesan Rcl, containing 12 piT cent. h>ilrox\ mcrcuiit nilro 
phenol and used at the rate of 1 lb to 10 gallons), were also 
tested. A dipping time of fifteen minutes was used foi liofh 
materials. 

1'he variety Picardy was used for the e\|Hriments and the 
corms were dipped in light hessian liags 
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Whole experiment hightly significant at I i>er cent, level 

Difference for significance at 1 jkt cent level 8*31" 
Difference for significance at 5 per cent. level . 5*93'’ 

All treatments caused a significant reduction in the numlicr of 
infected corms There was no significant difference between 
treatments at the 1 per cent, level, hut at the 5 per cent, level 
Hortosan D P. was significantly lietter than Aretan or Corrosive 
sublimate. 

ReplenishMKNT ok Solution. 

From an economic point of view it would Ik* desirable ti» be 
al)le to use the same solution for several hatches of corms It is 
obvious that some reduction in strength of the dipping solution 
will occur after each batch of corms. Gilmore and Robinson (18, 
19) investigated the loss in strength of corrosive sublimate 
solutions after dipping seed potatoes 

Therefore in 1944 a dipping experiment was conducted to 
•determine the loss in strengtn of Hortosan D.P 
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Mri/iod ,—Four gallons of Hortosan D.P. solution was pre¬ 
pared and a sample of the solution taken. Then three successive 
Imtchcs of 200 washed comis were dipp^ in light hessian bags. 
Each dipping was for exactly fifteen minutes. After each dip¬ 
ping. samples of the solution were taken. The mercury content 
of the solutions was determined by Mr. W. Jewell, Agricultural 
Research Chemist of the Victorian Depiartmcnt of Ag^culture. 


Results .—The results are shown in Table 13 and are presented 
graphically in Text fig. 3.— 

Table. 13. 
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Gilmore &nd Robinson (18) have pointed out a similar 
^ariabilitj when dipping potato tubers in corrosive sublimate. 
Because of this factor they develop^ a field method (19) for 
•determining the amount of corrosive sublimate necessary to 
replenish the solution. 

Unfortunately, no similar method could be developed for 
.orranic mercurials, as the analysis of these materials is essentially 
^ mboratory determination. 

It is realized that any general recommendations cannot l>e 
accurate, but if the dip is not used for more than three or four 
batches of corms the error would not be of ^eat practical 
importance. A calculation based on the graph of the results was 
made, and it was found that ^ oz, of Hortosan D.P. should lie 
added after dipping each batch of 500 corms in 10 gallons of a 
solution of 2 oz. of Hortosan D.P. per 10 gallons for fifteen 
minutes. 

Exposuse of Corms to Volatile Fungicides. 

The first use of a volatile material against a fungal disease was 
in the control of Blue Mould (Peronospora tabaci) of tobacco 
(Angell et al O)). Subsequently, other related compounds have 
l^n used (59). 

Various volatile materials were tested against the Botrytis of 
gladiolus. In preliminary tests the materials were tested against 
the fungus itself, using a slight modification of the method 
described by Oserkowsky (42). The effect of promising materials 
•on healthy corms was then determined. 

Methods .—Potato dextrose agar was poured into sterile 4-in. 
petri dishes. Before the medium had set a sterile 1-in. petri dish 
lid was placed in the centre of the medium. The plates were then 
inoculated with Botrytis and incubated for five days. One ml. of 
the volatile material was then pipetted into the small petri dish 
The cultures were examined after 24, 48, and 72 hours and a 
small portion of the mycelium transferred to a potato dextrose 
agar slope The slopes were then incubated and examined for 
growth 

Rrstilts —The results are shown in Table 14-— 

Tablf 14 
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fictuo] and toluene were therefore effective in killing the- 
lungus after exposure for 24 hours Dioxan and paradi^or* 
lM.n7cnc did not have any visible effect after exposure for 4ft 
hours ^fur exposure for 72 hours both materials caused. 
fl'ittcning of thv colonies but did not cause deaffi of the fungus 
lo dcttmuni the effect of exposure of gladiolus corms to 
Ihu/oI vapour six vornis of the variety, Mrs S A Errey, were 
(iiclov^cd in a lUtstd tin with a layer of benzol at the b^omp^ 
toi 24 lion IS rht tor ms were then planted 

lln pi lilts iiroduttd showed distortion, and the flowers which 
developed wert severeh distorted On digging the plants, it was 
1 01111(1 thM th( lornis produced wtre abnormal in shape (Plate V, 

llR 10) 

I his 1111 timd ( f ireatnicnl did not show promise of success and 
e\t>triimnts ot this t\ix were not continued 


I I Ml Ol I)l( ( INC 

Species of liotr\txK hive luen frccjuently shown to be favored 
1)> iool humid eomhtions (2 25) It was therefore anticipated 
that if corms were dug Ik foic the weather IxHime cool ind humid 
the> would possibly esciiK the disease 

Miss TJawker found tint nircissits bulbs showed heavier losses 
due to nanissti (la at low c r inodtnte rather than higher 

icmpcntuns 

Mtfh(nl\ Ccrins ( f ilu \ irici} Picardy were planted in rows 
toll! lining' KKJ lorms I our n ws were planted at eaih of three 
]K.riods stpirucd In i ni Mith Thev were dug six weeks after 
Mowt 1111^ 

I he (I nils wen ilicn plutd on wiu netting stretchers \fter 
stoi life fi I sf\ weeks the sc lies were rtniovcd from tiu corms 
ind ilu nunilHi (f iiifctltd coims dctennined 


Nt\ull^ I he corms wcic dug on the 2nd \pni 23rd April, 
and on tin 7tli Mav Ilu mimlier of infected corms is shown» 
111 1 ililc 1*^ 

Table IS 


Irr r uur 
Anul 


I irU 
(I 

4 (H 


I liue f IKnctnd 


M Wuwn Utr 


21 7" 
J1 IS ' 7 



Whole experiment highlv significant by T test 

I)itTcrinc« foi significance at 1 percent level 6 77^ 

Jhtfcunie for signihcance at 5 per cent level 5 15® 
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Therefort by dimog the corms early the diseaM^ was almost 
eutirely avoid^ Unfortunately only rainfall data are available 
for the KAlorama district and no data on humidity or temperature 
was obtained A study of rainfall data for Kdorama in 1941 
showed that some ram fell on each of the four days after digging 
the early plants, but then no further ram fell for ten days 
\p)>arentlv these good drying conditions were unfavomblt foi 
the disease 

\ studv of rainfall daU for Kalorama in the succitding four 
seasons showed that if corms are dug before the second wick of 
Mircli the rainfall is unlikely to be heavy following digging 
iiul therefore there is little chanct of infection MI conns dug 
hter should lie dipped 

Ihtst obser\ itions were confined to the Kalorama district uid 
Ilf general n c ommt ndafions ire possible 

\ \Kii I \i Kfsisi wc I 

\nswers to im|nincs nndt among groweis suggested that 
tcilain vinttus were uMstant to the disease fherrfon an 
cstKrumnt wns tomlmtcd in the 1940 41 season to deteinunc the 
ulitivt siisccplibihu of \ inous varuties to the distnse 

Mithod^ The lornis wen planted in rows each continung 
100 conus I hen wort font replu itcs of each variety and the 
plot was t ml down is a randomi/ed block The corms were dug 
si\ wttks iftcr flf)W<nng and placed on wire netting strtuhers 
Ml the simt nlatnt fKisition as the plots in the held \fter 
st )i ica f 1 si\ wnks the stalls wire removed ind the iJtrctntige 
< t infected e( rnis determined 

/ Mtl/ I ht tC'Ulls in sIkiwu in I abb 16 
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\\ hole exi»cnmcm liig]d> significant by I test 

Differenet for significance at 1 per cent levt! S 

DiflFcrcnce for significuicc it 5 i)cr cent level 2 ^8° 

Pclegnna Miss Ntw /calaiul and Reil T^ry all showed 
tcsistancc to the disease hm Miss New Zealand wis signific iiitl> 
ninit resistant than the other varieties and Pekgnna w is 
significantly mine resist int than Red I or\ 
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It IS interesting to note that the foliar of Peleffnna was 
severely infected with the fungus and had almost completely died 
down before digging On the other hand Picardy showed some 
leaf spotting, but less than any other variety tested 

According to growers reports, King Lear, Elmora, Mrs S \ 
Errey, Blau 0^1, Champlam, IXm Bradman, and Rose Daian 
are ^so resistant to the disease 


DIboumIoii. 

Botrytis conn rot is a disease which is favored by cool humid 
conditions Growers can therefore avoid infection of the cornis 
by planting early so that the conns are dug in the early autumn 
However as must powers desire to produce flowers for the cut 
flower trade in addition to corms, they prefer to plant portion of 
their stock at intervals throughout the season so that all their 
flowers are not produced at tlic one time Ihcrefore they must 
have recourse to the other control measures described Apart 
from the hope that in the future a large number of resistant 
varieties nuy lie produced the knowledge that certain popular 
varieties at prestnt grown nre rcsistint will enable the grower t) 
avoid the expense i»f unnecessarily dipping these varieties 

I he results obtained with various dips applied at dipping time 
show that very good control may he obtained with Hortosan D P 
Slightly less effective control can be obt lined with corrosive sub 
limate plus Agral II ind with \rctin /etan ilso gives giKnl 
control The higher degree of control obtained with Hortosan 
D P in the 1942-43 season than m the 1943 44 season may be 
due to the fact that the corms were dipped in muslin bags m the 
earlier season and m hessnn bags in the latter Growers should 
preferably use muslin bags It must be stressed that the corms be 
well washed before dipping as many organic mercurials are 
mactiv'itcd by soil Dipping must be earned out as soon as 
possible after digging The suggestion for replenishing the 
Hortosan dip is tentative and growers should not use the 
replenished dip for more than three or four liatches of corms 

Observitions suggest that the mxin method of overwintcnng of 
the disease is on infected corms These usually bear abundant 
sclerotes and is has lieen shown these germinate under certain 
conditions to produce conidia The conidia produced from this 
source would &en infect flowers left in the field and as abundant 
conidia ire rapidly produced on flowers a heavy spore lead would 
be rapidly huilt up Growers should therefore destroy infected 
corms bv deep hunal or by burning They should not leave 
unwanted flowers in the field but should cut them and destroy 
them bv burning or bunal 
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Good storage conditions arc important and the nia\imum of 
ventilation should be provided Ihis is best achieved by using 
wire netting stretchers arranged on racks However it is felt 
that good storage conditions and attention to sanitation as reconi- 
mencled in the preceding paragraph will not eliminate the 
necessity for dipping hut rather all these measures aie 
coinplmicntary 
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Art VI.— Chonetidae from the Palaeosoic Rocks of Victoria and 
their Stratigraphical Significance. 

By EDMUND D. GILL, B.A., B.D. 

[Read 14th Drcember, 1944; issued separately 10th December. 1945 ] 

Summary. 

A survey Is made of all the known Chonetidae from the Palaeozoic rocks 
of Victoria. Gmiments are made on species of Chonetes and Anoplia already 
described, and the following new species are erected— Ckonetrs bowUae 
C. proiluciotda, C. kilhirensts, C psihplia, C ruddocbcfuis, C. taggertyensts, 
and C. gaekini. The affinities of these forms with those found elsewhere 
are given, and their stratigraphical significance commented upon. A sub¬ 
division of the Yeringian Series is proposed 


Introduotion. 

Fossils of the brachiopod family Chonetidae (the classification 
of the fossiltuin Catalogus is adopted) are known in Victoria 
only from Silurian and Devonian rocks, and they belong to the 
two genera Chonetcs (sensu stncto) and Anoplia. The following 
table summarizes our knowledge of the occurrence of this 
group 


Series. 

At® 

Genua mud Species. 

Buchan Bcda 

Middle Devonian 

Chontie* auitralu McCoy 

Bindi Beda .. . 

Middle Drvontan 

C auitrahi McCoy 

C sp nov. 

Yenngian .. *.| 

I.ow«r Devonian (in 
part at leaat) 

C bomtoM §Q nov, 

( trtstwtUx Chapman 

C KxUartnsu. sp, nov. 

C. produetoida, ip nov. 

C pttiopha ap fwv 

C rohujta Ctaapfiian 

C ruddorkfuitt, ap. nov 

C. tmggfrtyenstt, ap nov 

Anoplia aujinlu uill 

A wttktrn (^iT 

Melbournian 

I.«wrr Ludlow (m part 
at least) 

Ckoneiox molhouruanstt Chapman 


The Devonian genera Eodevonaria and Chonostrophia have not 
been found in Victoria. Fig. 1 attempts to represent diagram- 
matically the relationships of the various genera of the family 
Chonetidae, and of that family to the closely-related family 
Productidae. 
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DlMunlon of the denua Ohonetee. 

Class BRACHIOPODA Dumeril. 

Family CHONETIDAE Hall and Qarkc, 1895. 

Genus Ohonetes Fischer de Waldheim, 1837. 

CrNOLETTOTYPE Ckonstes sp. Fischer * C* variolata D'Orbigny, 1841 
as inte r pret e d by De Konindc, 1847 (quoted from FossiHum 
Catalogui). 

EjyMOLor.Y ok Gbnkbic Name.— The name of the genus is 
derived from the feminine Greek noun ** chone," a funnel, but the 
form chonetes ’* is masculine, and so strictly speaking all the 
trivial names should be masculine in agreement. Such they were 
made by many early writers, but feminine forms have been 
established by consistent recent usage, and it would be confusing 
now to change all the names. 

DfAGNOSlS OF THE GeNUS. 

inequivalve, equilateral chonetids, with a straight hinge-line, 
and a row of hollow spines along the ventral cardinal margin. 
Ventral valve cemvex; dorsal valve flat to concave. Interior 
ventral valve with two small teeth, unsupported by dental lamellae. 
Cardinal area narrow and smooth. Pedicle obsolescent as shown 
by closure of pedicle opening by a pseudo-deltidium. Muscle 
impressions non-dendritic. Surface usually covered with radiating 
striae or ribs; rarely smooth. Interior of shells commonly 
papillose in the pallial region. 

Phylogenetics. 

The genus Chonetes is a simple expression of the forms 
previously grouped in the large family Productidae. It 
is the stock from which the Upper Palaeozoic productids were 
evolved. Chonetes appeared in the late Ordovician whereas 
Productella did not appear till the Devonian, The genera 
Chonetes, Productella, and Productus arc very similar, differing 
characteristically in their degree of spinosity. The spines were 
probably a means of attachment compensating for a defleient 
or obsolescent pedicle (Beecher, 1898, p. 351). They may be 
regarded as a mark of group gerontism. Tn his diagnosis of the 
genus Chonetes, Schuchert writes of the spines (1913, p. 389), 
” These arc prolongations of tubes which penetrate obliquely the 
substance of the shell aloxig the hinge-line.'’ Practically all the 
Victorian species have their spines at right angles to the hinge- 
line, and in a number of cases it is known definitely that the 
tubes penetrated the shell substance at right angles and not 
obliquely- A number of species have been noted both in 
European (c.g., C. margaritacea) and American (c.g., C. setigera) 
deposits which have their spines set at right angles to the 
hinge-line. 
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One visualizes the Chonetidae ansing from Strophomenids of 
the type of Chonetoidea and Sower^ella, which are quite 
chonetoid in structure but lack spines Eochonetes (Reed. 1917) 
IS a plectambonitm with spmes Breger (1906) erected the snb- 
genus Eodetonana to accommodate the denticulate forms of 
Chonetes Denticulation is so important a feature phylogenetically 
that Schuchert and Le Vene (1929) justinably accorded 
Eodwonana generic status 

Spines are the principal generic feature of Chonetes and are 
also of considerable value for specihc determination Hall (1892) 
writes, " Their comparative strength or direction often furnishes 
means for specific determination but I have not been able to 
satisfy myself that the number of spines on the hinge-hne is of 
specific importance ” The investigation of the Victorian forms 
suggests tlut the number of spines is constant in a speaes As 
Hall says, the nature of the spines is of specific importance For 
instance C rohusta and C idlarcnns have a somewhat similar 
outline and ornament and both possess a median sulcus but the 
spmes of each species are very different In C rohuUa they are 
long, thick, and straight whereas in C Mlartnsis they are short, 
thin and sinuous Evidently there was rapid variation in this 
specialiration of the genus 

Classification 

De Koninck (1847) classified Chonetes in his monograph 
according to the surface ornament, as follows — 

A surface omee dc plis concentnque*' I ConccntriLae 

plun dc 100 cotea Iiws 2 Cotnatac 

moms de 100 mais plus de 10 cotes liases 3 Striatae 

de moms de 30 cotes lisses 4 Plicoaae 

dc cotes rugueuscs 5 Rugosae 

In the light of later studies such a classification appears rather 
arbitrary and not based on genetic relationships, but Pocckelmann 
(1930) has created sub genera based on these divisions All the 
Victorian forms come withm the class Striatae of De Koninck, 
ic, the Chonetes stneto of Faeckelmann 

Graliau and Shuner (1909) have classified Chonetes 
according to the presence or absence of ornament, and the 
presence or absence of a sulcus, as follows — 

A Chonetes with radiating stnac 

(a) Ventral valve with a median tulcus 
(fr) Ventral valve without a median lulcun 

B Smooth Chonetes 

Group A u further sub divided by Grabau and Shimer 
according to the number of spines earned on the ventral cardinal 
margin All the species described in this paper come within 
Group A C cresswelh^ C robusia, and C ktUarensts come 
within the sub-section "a,” and the rest of the species *n 
sub-section "b” 
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PrendcrgEst (1944) has recently dismissed Schuchert*s 1913 
classification of productids based on means of attachment as 
“ pureljr arbitrary/' arguing that it “ makes no allowance for a 
similarity of external form due to growth under similar environ¬ 
mental conditions’’ (p 10) Inis view is expressed more 
specifically in the statement that “ Given the condition necessary 
for spine development, that is, a plentiful suppiv of CaCOg, any 
species will probably develop spines in the same position m all 
Its members The inclination of die spines to the body surface 
will depend upon the hardness of the sea-floor, arising at a high 
angle where the substratum is soft and being adherent where it is 
hard In modem lameUibranchs the temperature of the water 
has a marked effect on the thickness of the shell, the Arctic 
forms having a thick shell and the warm water forms of the 
same speaes a shell thin almost to fragility The difference 
lietween the Irwin forms, thin with short spines of small bore and 
those from Mt Marmion thick shelled with heavy spines of 
faentothaerus subquadratus (Morns) is possibly due to the 
difference in temperature of the sea at the two localities ” 

From a consideration of Prendergast s statements the 
following points emerge — 

(1) Schucherts 1913 classification is challen^d but no 
mention made of his 1929 revised classification in the hossihum 
Caialogus 

(2) Phenotypes result from interaction between genetic con 
stitution and envnoninent Imagine, for instance a thonetes 
individual with genes for spines of a certain size and shape 
orientated to Ihc shell in a certain way That such genes existed 
may be justly inferred from the fact that spines of a certain 
character are always found on individuals of the same species 
If the optimum amount of calcium salts (or the ability to 
assimilate them) for building such spines in such a way is not 
present, then spines will develop but not of the strength that 
would otherwise I>c attained The whole exoskelcton will show 
signs of calaum starvation Paucity or plenty of calcium salts 
will not determine the absence or the presence of spines but their 
degree of development If calcium salts were absent altogether, 
there would be no exo&keleton and no shellfish If the calcium 
supply is low, then the whole cxoskeleton will suffer by the shell 
being thin and the spines weak This is where Prendergast’s 
argument breaks down However abnormal the conditions be, 
the means of attachment of the shell, viz, the spines, will be 
present, and so available as an objective means for the classifica¬ 
tion of speaes, genera, &c 

(3) The means of attachment represent a line of rapid 
evolution for the group under discussion A pnon such hncs of 
rapid evolution should constitute good bases for classification 
The wide variety in the nature of the spines in the numerous 
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itpeacs of Choneits indicates that there must have been a hi^ 
mutation rate operating Fhe spines on the exoskeletons of some 
modem shells seem to have no biolomcal significance Thty may 
be mutations which remain because th^ aie neither an advantan 
nor a disadvantage to the animal However the spines of the 
Chonetes Productus senes appear to have played an important 
part by keeping the animal aiwve the muddy sea floor where the 
water would be clearer and the supply ox food more certain 
'Hie group was a very successful one maintaining itself over a 
vast stretch of time and existing in prolific numbers The 
spinosity of these forms was apparently an important biolomcal 
feature The senes ended up with the Richthofcniidae v^ch 
lost the power to elevate themselves by spines and elevated them¬ 
selves above the sea floor by thickening the ventral valve until 
they looked like cvathophylloid corals 

(4) Prendergast s reference to forms lackmg calcium because 
m warm tropical seas is not easy to follow Coral reefs are 
tremendous accretu ns of calcium and such shells as the big clams 
indicate the withdrawal from tropical and sub tropical seas of 
very large amounts of lime 1 he biggest and most extravagantly 
ornamented shells come from tropica] seas Many extensive beds 
of limestone have been laid down in tropical waters Tliese facts 
do not suggest paucity of calcium in tropical waters or lack of 
ability on the part of marine organisms in those areas to 
assimila^^e calcium 

(5) Sclmchert s 1929 cla&sihiation separates of! the Chonetidae 
as a distinct family from the Productidac The difficulty in 
taxonomy is that no systematic classification fits perfectly the 
complex variations of nature itself The systematists task is to 
devise a classification which represents as closely as possible the 
known facts The early chonetids are closely allied to the 
Plectambonitiinae being distmraished from them chiefly by the 
presence of cardinal spines Similarly the later chonetids are 
very closely allied to the productids which are distinguished by 
their increased spinosity and dendritic muscle inipres»ons The 
productids constitute a clearly defined group of an increasing 
number of genera \ery widely distributed and most probfic 

I hey produced the most numerous the most varied the most 
widespread and the largest brachiopods in the late Palaeozoic' 
(Raymond 1939) The chonetids likewise form a biologically 
^tmet numencally targe and racially molific group surviving 
in strength through the major part of the Palaeozoic (vkf^ fig 1), 
and still maintaining its strength after giving rise to the 
productids In my opinion furthermore the early chonetids arc 
quite as closely allied to the Strophomenidae as the later chonetids 
are to the Productidac and therefore there are as adequate 
grounds for separating the chonetids from the productids as there 
are for separating the chonetids from the strophomenids I 
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therefore ngrtt with Schuchert's suggestion that thqr be repre¬ 
sented as two separate' families—the Chonetidae and the 
Productidae. 

Adaptations. 

Most of the species of Chonetes from Victoria are fairly thin- 
shelled forms, and usually there is a direct correlation between the 
weight of the shell and the strength of the spines. For example, 
C. melboumensis is a light form with fine spines, whereas C. 
robusta has h^vier valves and stronror spines. The mechanics 
of these shells are very interesting. The spnes are hollow, which 
affords strength with the lightness needed for a semi-floating 
orranism; likewise corrugations of the shell give strength with 
lirntness. The shells are usually flattish or concave, and so 
ampted to the semi-floating (i.e., not rk^y fixed) condition of 
an organism attached to a sub-stratum, ^e small space between 
the two valves indicates that the animal was slender, and so again 
adapted by its lightness to the particular place this genus had in 
the marine ecology of Palaeozoic times. 

Soke Characteristics of the Victorian Forms. 

Reference has already been made to the settiM of the spines 
on our forms at right angles to the hinge-line. Cnonetes maoria 
Allan from the Reefton (Lower Devonian) Beds of New Zcabuid 
also has its spines inserted at right angles as is to be seen on a 
specimen in the National Museum, Melbourne. 

Three species described in this paper (C. robusta, C. cresswtti, 
and C. kiliarsr^) have a well-defined mesial sulcus in the ventral 
valve. The biological advantage of this would be the increased 
area for muscle attachment; perhaps also the sulcus would have 
a similar action to a keel and help to keep the animal floating 
evenly. The same feature has b^ noted in C. variolata, C. 
vtmeuUuma, C. mesoloba, C. eoronata, C. lepida,^ C. arcuata, C. 
mansuyi, and C. ningpoensis. Reed (1921) describes this feature 
in a variety of C, sarcinulata. In the Victorian forms die simu 
is a constant character of the species named, whereas it is claimed 
to be present in C. aeutiradiata only sometimes, and it is not found 
in all the specimens named C. maoria. A mesial sinus is common 
in the Productidae. 

Another feature of interest is the differentiated margin, such as 
found in C, taggertyensis, a similar phenomenon to which has 
been described in C. sarcinulata, C. maoria, C. eoronata, and C. 
syrtdUs. The structure is interesting phylogenetically in view of 
vaiiouB modifications of the margin of the shell found in other 
Strophomenaceae, such as the defined margin in Leptaena and 
StropheneUa, variation in papillosily around the margin of the 
interior surface in Chonetss, variation in the external ornament 
around die margin of some species of Produetus, and so on. 
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Notes on Species PrevlouBly Described. 

Chonetes (Chonetes) m»ibousnensis Chapman 
Choneies melboumetuu Chapman, 1903 pp 74 76b pi XI i figi 2-4 

Tyfb Matebial — Two syntypes National Museum, Reg No 
636, IS the internal cast o^ a ventral valve in micaceous bluish- 
grey, very fine-grained sandstone from “ South Yarra Improve¬ 
ment Works " N M , Reg No 1419, is the internal cast of a 
dorsal valve in hard, greyish-brown, very fine-grained sandstone 
from “ Sewerage tunnel near old Fishmarket ” 

Descbiption ot Vfntbai Valve (No 636)—^This is a 
decorticated shell, small, slightly convex, flat on cardinal 
margins, measunng 5 mm long and 8 5 mm wide l^e 
profile rises about 75 mm above the plane joimng the anterior 
and posterior margins Surface with about 80 nne radiating 
striae with some six more or less evenly-spaced, slightly stronger 
radii The preservation does not allow of detailed examination 
of the fine striae, but where clearly discernible, increase is by 
bifurcation Cardinal area narrow cardinal angles a little more 
than right angles Beak distinct, but not large, projecting just 
beyond the hinge-line Elongate papillae present, orientated to 
the stnae (Not realizing that he was dealing with a decorticated 
speamen. Chapman described these impressions of papillae as 
pittings in the outer surface of the shell) Muscle scars in- 
distmguishable No spines preserved 

Description o» Dorsal Vaive (No 1419)—Small shell, 
very slightly concave, measuring 3 5 nun long, and 6 5 mm 
wicfe Surface covered with numerous poorly preserved 
fine radiating striae, some few being a little more pronounced than 
the rest, a dearly defined linear depression runs down the whole 
length of the centre of the shell Five long, very fine spines 
preserved from the ventral valve (two on one side of the umbo 
and three on the other), the longest being 2 5 mm 

Comment —Examination of specimens other than the syntypes 
shows that C melboumensv carnes ten long, pointed spines, hve 
on each side of the umbo the spines are set at right angles to the 
hinge-line or curved outwards slightly Examination of a number 
of specimens also shows that the interiors of both valves are 
covered with fine papillae which arc elongate, set in the inter- 
stnate spaces, and orientated to the direction of the striae Ihe 
external ornament appears also on the interiors of the valves, but 
less distinctly, and is absent where the muscle scars are welt 
developed 

In C tHflboumetuts there is a stronger nb down the middle of 
the ventral valve and a corresponding linear depression on the 
dorsal valve This bipartition may be compared widi the mesial 
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Ainus found in a number of species of Chonetss (^vtdc p 131) 
Similar bipartition has been described in C novascoHca (McLcam 
1924) and C aroostookensts (Clarke 1907) 

C fMclboumeHsts is a valuable index fossil but some care i& 
necessary to ensure that specimens really do belong to this species 
The author has noted a variety of forms which have been referred 
in collections to this species but which do not conform to the 
type Extensive collecting and intensive study will have to be 
undertaken to separate out these various forms and accord them 
their proper status Sherrard and Keble (1937) recorded C 
melbournensis from New South Wales Mrs Sherrard kindly 
allowed me to examine these specimens However, they are 
possibly small stropheodontids and certainly not Chonetes Many 
strophcodontids simulate Chonttes eg Siropheodonia btparitta 
(Chapman) from the Yermgian ro^s of Victoria 'Diomas 
(1937) has used C ffielboumensts as a zone fossil m the senes of 
sediments at Heathcote but this form is not Chonetes either 
if the specimens collected by Professor Hills from this horizon 
are the form to which ihomas refers Like the New South 
Wales fossil it is devoid of spines and only simulates Chonetes 
m its general form and ornament The record of C melboumensiK 
from Auburn and Balwyn near lemplestowe (Chapman 
1914 p 215) is also incorrect 

iffimttes —C melbournensts is c mparable with C novascotica 
of the North American succession and C ftnateUa of the 
European succession C novascotica occurs in the Moydart 
(Lower Ludlow age) and the Stonehouse (Upper Ludlow age) 
of Ansaig Nova Scotia (McLeam 1924) and has also hetn 
recorded from the Misscnden Bore m England (Straw 1932) 
McLearn says (p 65) that C novascotica differs from C 
stnatella in the development of a stronger median stria on the 
ventral valve which feature is also found m C melbournensis 
C novascotica has the same number of spines as C melboumensis 
but they arc minute whereas those of the latter species are as 
long as three quarters of the length of the shell The surface of 
C noiascotica has more numerous striae but forms with coarser 
ornament arc known (MiLearn 1924 p 66) The stnae are 
flexuous in C not ascoUca but straight in C melbournensts These 
two speaes are distinct but closely approximate one another 
and provide anoilicr interesting connecting link between the 
faunas of this age in North Amenca and Australia The spmes 
of C xtnateUa are heavy and short and set at an angle of about 
45^ to the hinge line wnereas those of C melbournensts are long 
and slender and set at right angles tc the hinge line The dorsal 
valve 15 definitely concave in C rtnatella whereas it is flat or 
almost BO in C melboumensis C stnatella is characteristically 
larger and more transverse than the Victonan species However 
the obvious similarity is striking 
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Chonetes (Chonetes) robusta Chapman 
(PJ VIII. fig 5) 

Chometes robwia Lhapman 1903, pp 76-77, pi XII, fig 8 

Iype Materiai —Two valves tn sttu (holotypc), National 
Museum, Reg No 1417, al>out half of ventral valve, and most of 
dorsal valve, in indurated fine-grained sandstone from ** North of 
Lilydale » (loc 3, vtde Gill, 1«0, p 258) 

Description —Concave convex dorso-ventrally, 19 mm wide 
(but this not full width as one cardinal angle broken), and 12 mm 
long Outline sub semicircular Shell tumid with mesial sinus and 
a slight flattening on the cardinal angles, longitudinal profile rises 
about 6 mm above the plane loining the anterior and postenor 
margins of the shell Hinge-line mostly absent, ^t little less 
than greatest width of shell owing to slightly obtuse cardinal 
angles About thirty six fairly snarp, high ribs (counted in 
middle of shell) some bifurcating anteriorly Other specimens 
suggest that four strong spines on each side of the umto (a^t 
in all) IS the normal number The outer spine m the type 
specimen has a slight inclination outwards The dorsal valve of 
the type specimen follows fairly closely the contours of the 
ventral valve, the greatest distance of separation being 1 5 mm 
Similar ornamentation to that on the ventral valve is preserved 
The ornamentation continues throu^ to the mtenor of both 
valvcb As IS the case with practically all fossils from the Laly- 
dale distnct, only casts and moulds are preserved, the original 
shell matenal having been leached away 

Comment— The study cif specimens other than the type shows 
that the beak is inconspicuous scarcely projecting beyond the 
hinge line, the cardinal area is flat and well-developed, median 
septum short and narrow, teeth and muscle scars not observed 
The number of ribs has been noted to vary from 24 to 36 C 
robusta is closely allied to C killarensis sp nov , and C cresswelh 
(Chapman 

Occurrence —Besides the localities mentioned above, C robusta 
IS known from "Wilson's" (loc 2), Hull-road, Mooroolbark 
(loc 11), and Syme's Tunnel Killara (lot 34) 

Chonetes (Chonets^) crbbswbui Chapman 
Chonetes cresswelh Chapmtn, 1903 pp 77 78^ pi XII, fig 7 

Type Material —Internal cast of ventral valve (holotypc) m 
indurated mudstone from "North of Lilydale" (National 
Museum, Reg No 652) 

Description —Shell approximately scim-circular in outline, 
being 7-5 mm long and 13 mm wide Ventral valve convex 
rising about 3 mm above the plane joimng the anterior and 



Chon€tidat from iho PalaeOMoic Rocks of Victoria, 135 


posterior tnamns. Beric inconspicuous, scarcely projecting 
beyond hin^Tine. Hinge-line straight and nearly equal to 
greatest wimh of shell. Cardinal a^les approximately right 
angles. Teeth fine. Short, fine median septum 1*5 mm. long. 
Very narrow cardinal area. Some 40 fine, rounded ribs radiate 
from umbo, bifurcations increasing number of ribs at margin to 
about 54. Other specimens show spines at right awles to the 
hinge-line; they are finer than those on C, robusta. Conspicuous 
mesial sinus present. Faint traces of concentric lines of CTOwth 
observed. Spines on a specimen from Hull-road, Lilydale (loc. 1) 
are figured (PI. VIII., ng. S). 

'Hoxizon. —Yeringian (Lower Devonian). 

C^oiCMBNT.-^This species is very closely related to C, robusfaj, 
the chief differences bein^ (as Chapman remarked) in the alto- 
nther stouter build and fewer radii in C. robusta. The ribs are 
nne and rounded in C. cresstveUt but high and sharp in C. robusta. 
CJhapman also drew attention to the similarity between C. 
crssswelli and C. australis McCoy from the Middle Devonian 
rocks of Victoria. This is the more significant now in view of 
the much more closely approximated ages attriUited to the Lily- 
dale and Buchan Beds. C. australis occurs in great numbers in 
the Buchan and similar limestones, but no Chomstes has been 
found in the Cave Hill limestone beds at Lilydale. Brachiopods, 
except for Atrypa reticularis, are very rare at Cave Hill. 

There is a close similarity between the chonetids of Victoria 
and those of the Devonian rocks of French Indochina. The 
Devonian of New Zealand, Eastern Australia, and Indochina 
appear to constitute a well-defined zone. Attention has already 
directed to the similarity between certain trilobites in this 
zone (Gill, 1944). Chonetes nongpoensis (Mansuy, 1919, pp. 26- 
27, Plate V., fig, 4<», h) is very much like C. cresswelli Chapman. 
The general proportions of the shell are the same, the number 
of ornamenting ribs is about the same, and both have a well- 
marked mesial sinus, and short fine median septum. However, 
the ribs are rounded in C. cresswelli and raised and sharp in 
C. nongpoensis, as they arc also in C. robusta which is a close 
variant of C. cresswelli. Unfortunately, the spines of C. 
nongpoensis are not known. As our knowle^e stands at present, 
there is very little to separate C. cresswelli and C, nongpoensis. 
The specimens figured as C hardrensis (Mansuy, 1921, Plate II, 
5a-c), C. cf. margaritacea (Mansuy, 1916fl, Rate I., fig. 11), 
C. indosinensis, C. lacroixi, C. lantenoisi, and C. cf. striatella 
(Mansuy, 1916b, Plate VII., figs. 5-8), C. seUi, and C. mansu^ 
(F^tte, 1926) are comparable with our Victorian types. It is 
interesting to note the presence of a mesial sinus on some of these 
forms, and the orientation of the spines at right angles to the 
hinge-line, as in our species. C. lantenoisi and C. lacroixi have 
the long median septum noted in C. taggortyensis. 
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CHONCTEb (CHONETES) AUSTRALIS McCoy 
Ckoneifs auitratu McCoy 1876 p 17 pi XXXV 3 5 

Unfortunately the Nalional Museum is unalSIe at present to 
locate the type specimen of C australis Further descnption of 
this form and comment are therefore withheld in the hope that 
the type may be found As the specimen concerned is probably 
only misplaced and ni t really lost it is not proposed to choose a 
lectotype 


Dosonptions of New Speoiee. 

Chon Firs (Chonetes) bowilae sp nov 
(PI Vlll hgs 1 and 2) 

Typt Matehiai —External cast and internal mould (syntypes) 
of a ventral vilve in indurated fawn shale from Symes Quarry 
Killara presented tc the University of Melbourne Geology De 
partment Museum (counterparts Keg Nos 1908 9) Collected 
by Mrs R Rowie after whom the species is named 

DEScsipnuN —bhell 17 mm long (measured in one plane) and 
19 mm wide at the widest part middle of the shell very tumid 
but practically flat cn the cardinal extremities Cardinal angles 
obtuse Hinge line straight and less than greatest width of shell 
Cardinal area flat full width of hinge line parallel to plane of 
shell and about 1 mm wide Light long evenly spaced spines 
fairly slender project from the cardinal margin at right angles to 
tlic hinge line lon^st spine preserved is 7 mm Beak projects 
a little beyond the hinge line Thin median septum about 4 mm 
long which 18 low at its anterior end where it rises from the floor 
of the shell and liccomes higher towards its posterior end 
Interior (f valve hnely (lapillose around cardinal extremities 
there are traces of papillosity elsewhere on the internal cast which 
suggests that the whole intern r of the valve was papillose The 
type specimen is crushed slightly by lateral pressure Teeth small 
and supported by dental lamellae almcst parallel with the hinge 
line Between 50 and 60 fine rounded nbs (counted at the 
anterior margin) radiate from the umbo increases by bifurcation 

Horizon —Yenngian (Lower Devonian) 

Comment —This species shares with C productoida and C 
taggertyensis gwcral productid proportions It provides a fur 
ther link het>^n the faunules of Lilydale and Killara 0^ the 
piece of rock containing the internal cast there is also a specimen 
of Phurodictvum mcgastcmum Dun and on the piece containing 
the external mould a pygidium of Lxchai {Euarg^s) a/usirahs 
McCoy and Beynchia sp can be seen 

Occurrence —Symes Quarry (loc 35) Seville Quarry (loc 
37) Melbourne Hill Lily^le (loc 7) and doubtfully at Hull 
road Lilydale (loc 1) 
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ChONBTBS (CuONETBS) TAGGEHTYENSIS, Sp nOV 
(PI VIII, figs 6 and 8) 

Type Material —External cast and internal mould (syntj^s) 
of a ventral valve in highly indurated fine-grained ^ey sandstone 
from Blue Hills, Taggerty, collected by Professor E b Hills and 
preserved in the University of Melbourne Geology Department 
Museum (counterparts, Reg Nos 1910, 1911) 

Description —Shell 22 to 24 mm wide (one cardinal 
extremity is damaged and so an accurate measurement is 
not possible) 16 mm long profile rises 6 mm above 
the plane joining the anterior and posterior margins Valve 
very convex and flattened on the cardinal extremities 
(“ oreillettCB *' of de Konmek) External mould shows 70 
to 80 fine nbs at the anterior margin, increases by bifurca¬ 
tion The ribs scarcely show on the internal cast excemt 
for a strijp 3 to 4 mm wide round the antenor perimeter of the 
shell This is an area outside the phenomenally large muscle 
scars and is finely papillate, slightly heavier papillae occur on the 
oreiUettes Large flabellate incis^ (ic, laised in the mould) 
diductors extend three-quarters length of shell, enclosing incised 
adductors 4 5 mm long Beak inconspicuous projectmg just 
lieyond the cardinal line Cardinal area low at the extremities 
but rising to about 2 mm in the centre—very high for Chonetes 
1 eeth very strong Shell thick Median septum strong and high 
at the cardinal end at least 6 5 mm long (between the cast and 
mould a little material has mfiltrated and the septum may be 
longer than stated) There is the suggestion of a septum down 
almost the entire length of the shell In the other specimen 
figured (Reg No 1912, paratype Plate VIII, fig 6) the septum 
IS seen to run practically the whole length of the big adductor 
Mrars No spines or spine bases can be dfistinguibhed on the type 
specimen, but m the associated specimen spine bases ere present 
The only difference between the type specimen and the other is 
that the latter is a little more transverse in promrtions, and the 
muscle scars are a little more deeply incised Both these varia¬ 
tions are known to occur with increasing age in Chonetes 

Horizon —Probably Yenngian (Lower Devonian) 

Occurrence —Blue Hills, Tagger^, Victoria Professor Hills 
(1929) mentions the collection of Chonetes sp from Taggerty, 
^t the specimens figured herein were collected subsequeimy hy 
him 

Coisuznr-Chonetes taggertyensts has a number of affinities 
with C mrcim$hta (Schloth^) as figured by de Koninck (1847) 
in PI XX, fig 15s There the same flabellate, incised muscle 

1051/45 -9 



138 


Edmund D. CM: 


scars are seen with but faint trace of the ribs of the external 
ornament, a punctate margin is present showing more clearly the 
external ornament, and a very long median septum. The size of 
the muscles, the length of the septum, and the height of the 
ventral cardinal area are all phenomenal, and thus give more 
point to the comparison. However, the external ornament as 
described by de Koninck is quite different from that of our 
species, the ribs being many fewer in C. sarcmulata, practically 
all bifurcating, and doing so at about the same distance from the 
umbo. C. sarctHulata is one of the most characteristic fossils of 
the European Lower Devonian assembla^. C. maoria and C. 
nigricans (Allan, 1935; Shirley, 1938), from the New Zealand 
Lower Devonian, are of this same ty^, but the muscle area is 
smaller and the median septum shorter. However, a specimen of 
C. maoria in the National Museum, Melbourne, has a louj^r 
septum than that figured fur the holotype. Allan says, “The 
general appearance of this species sugrats such genera at* 
Plectambonites Pander, but it probably belongs to Chonetes.” 
The generic position of C. maoria is confirmed by the presence of 
one spine l»se and probably a second on the specimen in the 
National Museum, Melbourne. Like C. sarcinulata, the New 
Zealand species is highly papillose on the interior surface except 
on the muscle scars. From Allan’s figure, it appears that C. 
maoria has a mesial sinus like C. cressweUi and C. robusta. How* 
ever, this is not present in the Melbourne specimen, nor is the 
" anterior margin somewhat sharply bent to produce a Leptaenid- 
like appearance.” The latter may l)e due to pressure in the rock 
matrix. 

C. taggertyensis is also like C. unkeltnsts (Dahmer, 1936,1937), 
which is from the Siegenian of Unkel, and belongs to the 
C. sarcinulata gens. 

Chonbtes (Chonetes) psiloplia, sp. nov. 

<P1 Vlll.liff. 15.) 

Type MAfRaiAL. —Holotype consisting of a ventral valve in 
bluish-grey mudstone from Killara collected by Mr. F. Chapman, 
and legged in the National Museum, Mellwume (Reg. No. 
14519). The fossil is probably from loc. 34 (Gill, 1944). 

DESCRiprioir. —Valve 13 mm. wide, 6*5 mm. long, and heirtt 
(distance profile rises above plane joining anterior and posterior 
margins) alraut 1*5 mm. The cardinal angles are approximately 
right angles so that the outline of the valve is not exactly semi¬ 
circular, but tends towards the suh-rectanmilar; the radius of the 
valve is 7 ■ 5 mm half way between the cardinal angle and the centre 
of the posterior edge of the shell. Valve somewhat flatteiwd on the 
cardinal extremities and round the perimeter, forming a maiginal 



CMcntHtlat from tho Palaeozoic Rocks of Pictona. 139 

^inge comiNuable with that in C. taggerlyeniis. The muscle scars 
are not distinct, but inside the flange reKrred to there is a raised 
area on the cast where the ornament is less distinct and this may 
well be interpreted as incised muscle scars on the orimnal shell. 
The external ornament consists of between 70 and 80 fine, some¬ 
what sinuous, rounded ribs, increasine in number bifurcation. 
Interior of valve finely Mpiilate. Beak insignificant, not pro¬ 
jecting beyond the hinn-fine. Cardinal area s^out *5 mm. wide, 
smoom, and fairly regular in width. Two spines set at right angles 
to the hinge-line are preserved, but neither is comiuete; one 
fragment is '75 mm. long and the other 4 mm. These spines are 
very slender for a shell of this siae—hence the trivial name. 
Impression of one tooth only (the other side is slightly broken 
away), and that is minute. Fine median septum I'/S mm. long. 

HoaizON. —Yeringian (Lower Devonian). 

Comment. —This species is of the C. sarcinulata type with lai^e 
incised muscle scars giving a differentiated margin to the interior 
of the ventral valve. The shell is of altogether lifter construction 
than C. taggertyensis (with which it may be compared), and the 
median septum is proportionately very much shorter, liie spines 
are notable. 

Chonetes (Chonetks) ruddockensis, sp. nov. 

(PI. VIII., fig. 10.) 

Type Material. —Holotype, consisting of an internal cast of a 
ventral valve in indurated olive-grey mudstone from Ruddock’s 
Qiarry (loc. 20), presented to the University of Melbourne 
Geology Department Museum (Reg. No. 1914). 

Description. —Shell 7 mm. wide and 5*5 mm. long; longitudinal 
profile rises about 2 mm, above a line joining the anterior and 
posterior margins of the valve. Cardinal angles ai^roxiroately 
right angles. Valve less convex on cardinal extremities. Beak 
insignificant. The two halves of the cardinal area form an angle 
of atout l^O”. 

Ribs as seen in internal cast linear and of rounded cross-section; 
fine pitting between ribs, Le., interior of valve finely papillose; 
about 40 ribs half way between anterior and posterior margins, 
and about 50 at the anterior margin; increase by bifurcation. 
What appears to be a linear median septum stretches nearly half 
way down the middle of the valve from the umbo. Cardinal 
area very narrow, and teeth not seen. Parts of two spines 
preserved on each side of the umbo; spines long and thin, set 
more or less at right angles to the hinge-line; longest spine 
present 3^5 mm. 

Houeon. —Yeringian (Lower Devonian). 
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OccuuBNCE—In the Lilydale District the new speacs u 
known from Ruddock’s Quarry (loc 29, and from here the trivial 
name), Ruddock’s Comer (loc 21), Edward-road Hill (loc 22), 
West of Lilydale Cemetery (loc 23), Victona-road cuttins (loc 
24^, “ Devon Park ” West (loc 25), "Devon Park” Norm (loc 
26), North of Ruddock’s (loc 39) Manchester-road, Moorool- 
bark (lar;gfc cutting north of station—a new locality), Stnale’s 
Farm (on the west side of Edward-road, north of Ruddock’s— 
a new locality) It has also been collected from the Kmglake 
Distnct from near Strath Creek ” by Professor E S Hills 
(Univ Geol Dept, Mus, Reg No 1916), a small PleHrodtctyum 
megastotnum is present on the same piece of rock 

Comment —There is a good deal of variation in the group of 
shells at present included under C ruddoekensti The type 
■ipecimen is sub quadrate in outline with 40 to 50 straight linear 
ribs Another specimen noted is transverse in outline, with 30 to 
40 stronger ribs i^hich are somewhat sinuous Interm^iate stages 
between the type and this latter specimen have been observed It 
IS not clear yet how (if at all) this compact group should he sub 
divided but a detailed study of a large coll^ion will no doubt 
solve the problem Chonetes ruddocktnsts has affinities with 
C settgera Hall, which has similar proportions ornament, and 
orientation of spines (at right angles to the hinge line) Our 
species has fewer and different spines Those of our spwies are 
remarkably long and slender, so much so that it is surprising 
that so many have been preserved 'The waters in which the 
enclosing sediments were laid down must have been fairly quiet 
an inference which may also be made from the fineness of those 
sediments One shell from Ruddock’s Quanv 4 5 mm long 
has preserved a spine 8 mm long, and it ends abruptly suggestii^ 
that It was even longer originally In the European facies c 
ruddockenns seems to find its affinities with C soror Barrande 

Chonetes (Chonetes) killakensis, sp nov 
(PI VIII fig 14) 

Type Matebiai —Internal cast of a ventral valve (holotypc) 
in bluish-grey indurated mudstone from Svme’s Tunnel, Kilura 
(loc 34), presented to the Uraversity of Melbourne Geology 
Department Museum (Reg No 1915) 

Desceiption —Shell 20 mm wide and 17 mm long, evenly 
tumid except for mesial sinus and a sli^t flattening on the 
cardinal angles, longitudinal profile rises 5 mm above the line 
joining the anterior and postenor margins of the shell Mesial 
sulcus about 1 mm deep, and about the width of five nbs 
Cardinal angles approximately 115** Cardinal area nearly straight, 
but the two halves of the line form a vertex at the umix> Kjl» 
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(on the internal cast) sharp and high, with bifurcationb but no 
intercalations, number 34 half way between the anterior and the 
posterior margins, and 37 at the anterior margin, slight punctation 
between the nbs right in the cardinal angles Protebly ten very 
short, fine, somewhat sinuous spines ranged along the cardinal 
margin, perpendicular to the hinge-line, most cuniplete spine 
present I 5 nun long Cardinal area very narrow Beak small, 
distinct, projecting slightly beyond the hinge line Median septum 
about 3 mm long not ending abrupdy but tapering away on to 
the floor of the shell septum about l/6th mm wide leeth 
strong 

Horison —Ycnngian (Lower Devonian) 

Comment—I his new species u comparable with C robutta 
which occurs in the same beds The spines are long, straight, 
and strung in C robusta, but short line, and sinuous in C 
killarenn^ 

OccuRRFNCP —A form very similar to C ktUarensts occurs in 
the soft fawn mudstones of Melbourne Hill Lilydale (loc 7) 
1 he spines are of the same kind but the nbs are more numerous, 
and the mesial sinus very shallow However for the tune being 
It IS included m this spKies In any case the fossil constitutes 
another interesting link between the beds at Killara and those at 
I ilydale 


CHONETtS (CnONEltS) PRODU(TOID\ sp nOV 
(PI VIII figs 7 and 12) 

Iypf Material —Internal cast of a ventral valve (holotype) 
in indurated fine-grained, fawn sandstone from Lilydale, Vic- 
tona Collected by Reverend A W Cresswell, M A, from 
‘North of Lilydale” (loc 3), and presented to the National 
Museum Melbourne (Keg No 14520) 

Description —Length of shell (measured m one plane and not 
following obesity of shell) 17 mm, and width 21 mm , longi¬ 
tudinal profile rises about 7 mm above a line joimng the anterior 
and posterior margins of the shell Shell very tumid, but fairly 
flat on the cardinal margins, simulating productoid proportions— 
hence the trivial name Cardinal anipes damaged, but probably 
slightly obtuse Hmge-line straight Ribs (on internal cast) 
sharp and high, but have the appearance of being worn off on the 
anterior part of the type specimen (compare other figured 
specimen, National Museum, Reg No 14521—hypotype), 
number 31 half way between the anterior and posterior margins, 
increases by bifurcation Umbonal area highly arched and over¬ 
hangs hinge-Une productid-fashion The spine bases present 
indicate eight strong spines along the cardinal margin, probablj 
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At right angles to the hinge-line. Cardinal area narrow. Median 
mtiun 3 mm. long, ending fairly abruptly; high, and about 
i mm. wide. Teeth strong. 

HoaizoN.—Yeringian (Lower Devonian), 

Comment. —This new species is very similar in external 
appearance to C. hemisphenca Hall of the Upper Helderbetg in 
North America, from which it can be distinguished readily iy its 
fewer ribs. C. productoida is not merely the gerontic stage of C. 
robusta which also it closely resembles. Gerontic specimens of the 
latter are equally obese but do not have the high umbomd area and 
wcurved beak of C. productoida. Moreover, C. robusta has a 
mesial sinus at all sta^ in its development, and the shell is not 
to flattened on the cardinal angles. It is interesting to note in 
this species (as also to certain extent in C. bowirae) Ae attain¬ 
ment of a Productus-Wkc form. 

Chonetes (Chonetes) gaskini, sp. nov. 

(PI VIII., fig. 9.) 

Type Material.—A ventral valve preserved in hard, bluish 
limestone from the scarp along Old Hut Creek, Hindi District, 
Gippsland (see niap, Gaskin, 1943). The species is named after 
Mr. A. J. ^kin, who collected the type specimen, which is now 
m the University of Melbourne Geology Department Museum 
(Reg. No. 1913). 

Description, —Ventral valve 4 cm. wide; greatest length 
preserved in type specimen (which is incomplete) 2 cm.; but a 
complete valve would be longer; height (distance profile rises 
above plane joining anterior and posterior margins) about 
1'25 cm. Cardinal margin rises slightly at umbo, which is not 

f irominent. One spine only preserved on the cardinal margin, 
t is i cm. long, straight, slightly turned outwards, and possesMng 
fine annulations (see photomicrograph, PI. VIII., fig, 11). The 
valve is flattened on the cardinal extremities. The external 
ornament consists of 40 ribs which are much stronger in the centre 
of the shell than they are on the cardinal margins. TTie ribs do 
not all commence at the umbo, some beginning at locations along 
the cardinal margin, the furthest out storting at a point 13 mm. 
from the umbo. The ribs in cross-section form low arches, and 
the interspacev are about equal in width to the ribs. 

Horizon. —Hindi Limestone (Middle Devonian). 

Comment. —This large new species is phenomenal for its 
possession of an simulated spine. It is clearly not an artefact, nor 
IS it a small annulated shell like TentacuUtos restiiw against tiie 
cardinal margin of the Chonetes. As far as the author is aware, 
an annulated spine on a Chonetes has not becm described before. 
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DlMUMton of the OonuB Anoplla. 

Family CHONETIDAE Hall and Clarke, 1895. 

Genus AnopUa Hall and Clarke, 1892. 

CsnohohhfPc 2- LfMoi-nti n^ilcota Hall, )857t 10th Rept. 
New York State Cabinet, p. 47 (quoted from Poisilmm Catahgus), 

Etyuolocv of Generic Nakel—G reek anoplos unarmed. 

Diagnosis of Genus. —Small chonetoids possessing a smooth 
or idmost smooth surface, but without spines on the ventral 
'cardinal margin. Ventral median septum, terminating abruptly. 

CoiiUBNT.—As far as the author is aware, only four species 
have been referred to this genus, viz.:— 

Anoplia nucleata (Hall) Lower and Middle Devonian—Oriska^ of 
Ontario and New York. Amazon. Onodaga and Grand Cir^e 
(Calcy, 1940). Middle Devonian of Maryland. Ia)wer Devonian 
of Moaellc (Dahmer, 1928, 1930). 

Anop^ haldcrbtrguu Sdnichert. Lower Devonian—Helderberg 
Formation. 

Anoplia^ australis Gill. Lower Devonian of Victoriar—Yeringiaii 
Series. 

Anoplia withersi GiU. Ditto. 

When Hall and Clarke erected the genus, the absence of spines 
was regarded as its chief feature->-hence the name meaning 
“ unarmed." However, A. helderbergia* was found to possess 
spines like Chonstes, but Schuchert (1913) has arguM dtat 
trie genus is a good one to embrace “ the earl^ smooth or slightly 
lajnellose, highly convex, smalt chonetoids with a ventral mMian 
septum." The ventral median septum is a common feature of 
Cnonetes, and the Victorian forms of Anoplia at least are not 
highly convex. Smooth Chonetes are also known. Thus, none 
of the features named bv Schuchert can now be said to be 
characteristic of Anoplia alone. ^ There seems to be no course left 
but to keep to the ori^nal definition of the genus as smalt, smooth 
chonetoids without spines, and refer A. htlderborgiat to Chonetes. 
It is interesting to note that smooth forms have arisen twice in 
the Chonetes line of evolution, viz.. Anoplta in the Lower 
Devonian, and smooth Chonetes (C. glaber) in the Upper 
Carboniferous. 

Anoplia possesses reversionary characters. The term " rever* 
sion " is here used in distinction from the term " atavism,” and 
as defined by Crew (1925, p. 3). It may be assumed that the 
genus Chonetes “ degenerated " m one direction to AnopUa, rut 
as in another it " ad^ced " to Productelia and Productns. The 
reversionary characters are:— 

(1) Loss of ornament.—The surface of the shells is smooth in 
AnopUa, or almost so. Schuchert writes, " The smooth forms of 
Chonetes are not descendants of AnopUa, hut are derived from 
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associated finely striated forms of the former genus 
Apparently both the smooth Chonetes and Anoplta arose from 
finely striated Chonetes but at different times Hall (1892 Plate 
15a hg 18) figures a speamen of A uucleata with faint ribbing 
which may be regarded as an indication of the ornament carried 
by Its ancestors An example cf similar genetic interest is a 
specimen of A australis collected by Mr R B Withers in the 
Kinglake District (Hate VIII hg 4) 

(2) Loss of Spines—Mall and Clarke made this the chief 
diagnostic character c f their genus and it is indeed notable among 
a whole scncs of spinose forms which were an important element 
in manne faunas for over 150 millun years It is notable also 
for the reason that the general tendency with the effluxion of 
time was for the increase and not decrease of spmosity 


Notes on Species Previously Described 

AnuILIA AUSIRAIIS Gill 
Anopita australii Gill 1942 pp 38 J9 PI IV fig 8 

This species is very charactenstic of the Ruddocks Quarry 
honzon of the type Venngian Beds at I tlydale It occurs in 
great numbers at Ruddocks Quarry along with equally great 
numbers of Chonetes ruddockensts sp nov and Stropheodonta 
bipartita (Chapman) On the other hand it is very rare in the 
highest Iieds of the senes only one specimen having lieen 
collected for instance from Hull road Mooroolbark The 
Ruddock s Quarry honzon has been traced south to Mooroolbark 
where A australu has been collected from a large cutting on 
Manchester road north of the railway station 

The two subsidiary ridges in addition to the median septum are 
of interest m this fcpecies Certain parallels to these can be found 
in other genera For example i^owerbyella gracilxs Jones (1^ 
p 473 Plate XXIV fig 22) possesses a similar complement of 
ndges also Chonetes cumbrensis Garwood (1931 p 148) 

further Occurrences—In addition to localities previously 
named A australis has been collected from the quarry north of 
Syme s Homestead Killara (loc 32) and from Jerusalem Creek 
(Grol Surv Vic Reg No 18218) 

AnOPLIA WlTHPSSl Gill 
Anopl%a miherst G11 1942 p 19 PI IV fig 7 

Usually A australis is the dominant form where both the 
Victorian species are present toother An excision to this has 
been noted at Jerusalem Creek east of Eildon Weir The 
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numbers given with the following new records of occurrence are 
registered numbers of the Geological Survey of Victoria — 

Nos 18222 and 18223—light fawny grey sandstone from 
70 chains S E of the junction of Jerusalem and 
Barnwell s Creeks Jamieson Q S 

Nos 18218 and 18227 from spur between Wilsons and 
Barnwell s Creeks 

Variations have been noticed in /I mt/icrsi in the length of 
the septa jn the prominence of the beak and in the general 
outline of the shell 

Stratlgraphloal Oonflideratlons. 

The earliest reference to chonetids in Vutoria is probably that 
made by Blandowski in 1855 when he figured some undestnbed 
fossils from the Mclvor Goldfield His plate (pposite page 223,. 
hg 359 IS evidently a Chonetes 

Ihc named species of Victorian Chonetes were desenbed by 
McCoy (1876) and Chapman (1903) To these the present 
writer has added two species of Attoplta ( 1942) and the new 
species of Chonetes described in this paper These amount to 
fourteen chonetid species in all Material has been collected which 
indicates the presence of a number of further new species but 
the specimens arc not good enough on which to found new 
species rhe Silurian and Devonian rocks of Victoria are rich in 
chonetids Some occur in gargantuan numbers eg Chonetes 
ruddocktns%s C austrahs and Anopha austrah^ also to a less 
extent C mclboumensu C cressuclh and i tvitherst 

Subdivision of thf Yfhingian Series in the Type Area 

The Victorian chonetids are good index fossils C melbour 
IS strictly Melbournian C australis and C g(uk%n% strictly 
limited to the Buchan and Bmdi Beds and the rest stnctly 
Ycringian (I ower Devonian) Divisions within the Ycnngian 
Senes can oc satisfactorily made on the liasis of these fossils 
and the following subdivision is proposed (for structure %%de 
Gill 1942) — 

1 Lower Ykrincian —to lie recognized by the presence 
of Chonetes mddockensis Anopl%a austral\s and Stropheo 
donta biparitta (It has been noted that there is a 
Stropheodonta biparftta in the Devonian beds of North 
America (Swartz 1941) but it belongs to Leptostrophia 
which sub mus is now accorded generic rank As our ^ 
biparftta belongs to Stropheodonta sentu stneto there is no 
need to change the name) These are all prolific forms and 
their occurrence in strength may be always taken as an 
indication of the presence of this sub division 
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2 Upper Yerxmgian —^to be recomized by the presence of 
Choneiis cresswMt, C robusta, and C kUlarinsts 

These subdivisions are in keeping with what we know of the 
Yeringian faunules as a whole Of course, such subdivisions 
must be regarded as tentative in that further subdmstons will 
probably b^ome possible as our knowledge of these beds and 
their faunules increases However, this distinction between 
Upper and Lower Yenngian will help considerably in the 
clmification of strata elsewhere in relation to the type Lilydale 
beds For instance, the grey mudstone beds north of Tommy’s 
Hut with plentiful S btpartUa, and the bluish indurated mud¬ 
stones of West Kinglake with A australis the reddish mudstones 
of Yelhngbo with ? biparttta and C cf ruddockensis, the grey 
mudstones at Christmas Hills with S btparttta, and similar beds 
at 'Two miles below Simmond's Bridge Hut on the Yarra,” may 
all be classified as Lower Yenngian the bluish-grey mudstones 
at Killara (Iocs 34 and 35) may be classified as Upper Yenngian 
The strong affinities Iietween C iaqqertyensxs and the Upper 
Yenngian form C psdopha suggests an Upper Yenngian 
classmcation for the beds in the Blue Hills in which C 
taggirtyenw^ occurs No Chonetes have yet been described from 
the Heathcote Beds but the collections made by Dr Ihafnas have 
not yet lieen studied 

Chonetes ruddockensis and Stropheodonta bipartito are entirely 
absent from the Upper Yenngian beds of the LiWdale Distnct 
One specimen only of Anopha australis has been found at Hull- 
road Mooroolbaric (loc 13), and one only at North of Lilydale 
(loc 3), whereas both species are prolific m the Lower Yenngian 
As far as our knowledn goes, any of the three forms nam^ as 
characteristic of the Lower Yenngian, if present in strength, 
may lie taken as indicative of a Lower Yenngian honzon The 
three forms given as characteristic of the Upper Yenngian have 
not been found outside those beds, so apparently any of the three 
species if present at all is an indication of that honzon 

Ruddock s Quarry (loc 20) is named as the type locality for 
the Lower Yenngian Ihc olive grey indurated mudstones (with 
occasional still harder sandstone tends) found there can be 
traced from Mooroolbark through the Ruddock’s Quarry area 
(where pitch affects the strike), and north towards zarra Glen 
Hull-road, Lilydale (loc 1), is named as the type locality for the 
Upper Yenngian There in whitish and reddish soft mudstones, 
C robusta and C cneswUi have been collected, and C kiUarensis 
occurs in the adjacent locality of Melbourne Hill, Lilydale 
(loc 7) 

The Jordanian Series —The neset question is die relation of 
these forms to the Jordanuin Senes (&U, 1941) Except for a 
few ubiquitous forms, the faunas of the Melbournian and 



Chpntiidtu from the Paheoaotc Rocks of Victoria. 147 


Yerinmn are mutually exclusive, although they are both of 
littoral facies. There would not be this faunal break if the two 
series constituted a continuum in time. There must be a time- 
break between the two series, and this is occupied by the 
Jordanian Series. This series (as known at present) is pelagic, 
but not just the pelagic facies of a part of the Mellmaiwn or 
Yeringian. Littoral fom^s are rare in the Jordanian, and so 
■chonetids are not to be expected. A brachial valve which may be 
a Chonetts (collected by Dr. I. Cookson at McMahon's Creek) is 
the only chonetid found so far in the series. 

The Melbournian beds contain graptolites of Lower Ludlow 
■an (Jones, 1927). The Yeringian beds are Lower Devonian 
(GUI, 1942), and may even extend up into the Middle Devonian 
(Ripper, 1938, Hill, 1939, 19^). ^us there is a lacuna of 
Up^ Ludlow age, which must be the age of the Jordanian beds. 
.\ Fosidonomya common at McMahon’s Creek (east of Warbur- 
ton) is very similar to P. eugyra from 4tage E. of Bohemia, 
which is equivalent to the Upper Ludlow. 

Correlation with Overseas Deposits. —^There are interesting 
parallels between the Victorian chonetids and fonns described 
from the dassic series of Europe and North America; also from 
beds in Indochina. These may be summarized as follows:— 


StratlgrapUeal 
po«lHoii In 
Victor!*. 

Viotonmn 

Species. 

1 

Mtlbournian 

CkomwPgM mglbpmvntnaiM 

Yerinvun 

C prod%eto%dm 

Yeniiflin 

C. rreiiwrf/i 

YcnnfUn 

C fWdeckeiinf 

Ycringlui 

C. M0frr«.WfUi r 

YtriagUn . J 

AmopHu mustniu 



It should be noted that the above comparisons are not all of 
equal value. C. melbourtinuis and C. notwcotica are veiy 
similar; so also are C. taggertysnsis, C. maoria, and C. sareinu- 
tata. On the other hand, the comparisons between C, ruddocksnsis 
and C. ssHgera, and bdween C. pi^ductoida and C. homupheriea, 
are based on striking likenesses in external form. In both the 
eases quoted the important mtcmal characters are not known. 
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Further there is no great likeness between our species of Anoplta 
and A nucUata but as the genus is so rare in number of species 
there is no doubt significance m its presence 

The 1 ilydale Beds which constitute the type beds of the 
Yenngian Series are very thick Althoiwh the thickness already 
given on the evidence avaihhie (Gill 1W2) will very likely hi 
reduced as our knowledge of the structure is increased ^ere 
nevertheless is certainly a great thickness of beds involved It is 
possible that the mudstones and sandstones of the Yenngmn 
Scries cover the whole of Lower Devonian time but a great 
thickness of lieds below the Kuddock s Quarrv horizon is 
apparently quite unfossiliferous and the limits of tne senes have 
not yet been precisely defined The. writer prefers to wait till 
the faunulcs of the Yenngian type area have Ih^ further worked 
out before drawing any close correlations with the classic over 
seas senes 
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Demription of Plate. 

PlATS VIII. 

(No photographs are retouched.) 

Fia 1. — CkoneUi bowteee, ip. nev., intemal esst of voitnl valve (fyntype) x 2 approx- 

Tio. 2,—CkonHft botri^, sp. nov.. external oMuld of ventral valve (eyntype) aame 
■lee approx. 

PiO. 3.*—CAonvtVf prodnetoidm, ap. nov. internal cast of ventral valve (bypatypr) 
X 1.5 approx. 

Pio. 4— Anopitm, auftr^Us Gill. Specimen from Kinslakt abowinf ribbiof (enlarsed). 

Pio 5 —Spiore of Ckcns$r4 rrvMMwW Chapman Specimen from Hall-read, LQydalc.. 

Fio. 6 —Ckomrttt taggtriymtii, ap nov . intemat nst of ventral valve (paratype) 
X 2 approx. 

Fig 7 — Ckomrt^i prodnrtoWa, ap. nov , internal caat of ventral valve (belotype) X 1*5 
approx. 

Pio S — Chanrtri toggwrtytnnM, ap. nov. internal cast of ventral valve (ayntype) X 7 
approx. 

Fio 9.—ChonrtM sojMii, ap npv;! ventral vaWt (holotype), aaiac rise. Note apine. 

Pia 10 — Ckruetti rnddoekenns, sp. nov., internal east of ventral valve (bolotype) X 4 
approx. Note aplnc. 

Fig n —Pbotomicrofraph of spine of Ckonetjs gaskm, sp. nov. (vide 0$, 9). Note 
annnlatm whhra ^nt >oiiite shell, Md a ari te a of anntdatloiis at tbs ootar 
end 

Fio 12.— CkoneUi pradacteida, ap. nov.. internal cast of ventral valve <hololyiie> 
showins spina basis and madinm septum. 

Fm. 13 —Choaetsf tmggertpemeU, sp. nov, external noold (ayntypa) ilmrtiit axtcniat 
mnwenU X 2 approx. 

PiO. I4w—-Chanvtei fci Hsr eiuu, ap. nov., internal cast of ventral valve (hofatypt) X 2 
approx. 

Fio. 13^ —Ckenetu pedoptio, sp. nov., Intemal east of ventral valva (holotyps) X 4 
approx. 
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An VII— Th4 ClaucomHc Sandstone of the Tortuiry of Eas^ 
Gippslatul Vtciona 

By A B EDWARDS 
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Abfltraot 

The glauconitic saiKUtone formation that occuri at depth m the Tertiary 
itrata of East Gippslaod Victorm consisU of Rrami of altered Rlauconite 
in a feUpathic nindstone which has a cement of glauconitic mud The 
l^coiute grains are largely derived from the alteration of biotitc flakes 
They often show open shnnkage cracks that developed at an early stage of 
hthiflcatioo Much of the glaucomte » altered to a ferruginous clay like 
rabstaticc The alteration oce m r e d dunog deposition and prior to 1 thiflea 
tion and is not a weathering effect although it resembles the alteration of 
glaumite caused by weathering 

The air dried rock shows abnormally high porosity and low permeability 
ImpregnAtion of the rock with coloured Canada balsam reveals that the 
nattniu cement of the rock is highly porous in an air dried state the pore 
spaces being of capillary dimensions The high porosity appears to have 
btea tnducH by air drying of the rock and may not be a feature of the 
rock tn s%tu 


IntroduotloD 

The petrQlifcrous glauconitic sandstone that occurs in the 
Lakes Entrance district of Gippsland has been described bnefl> 
by Crespm (1943 p 12) In this note it is proposed to clalwratc 
several features of petrological interest exhibits by this rock 

The glauconitic sandstone occurs at nr near the base of the 
Tertiary strata in this part of Victoria above a bedrock of 
granitic and metamorphic rocks In places it rests directly on 
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the bedrock, but mostly it is separated from it by a thickness 
of from 20 to 200 feet of Tertiary sediments. The glauconitic 
sandstone does not outcrop. Its limits have been defined by 
drilling (fig. 1). It extends from Lake Buw in the east to 
Eagle’s Point in the west, a distance of about 20 miles, and from 
the coastline northwards (inland) for a distance of from 3 to 
5 miles. Its south-western limit is between Rigby Island and 
Sperm Whale Head. The sandstone is oil-beari^ over an area 
of aiwut 8 square miles in the vicinity of Lakes ^trance. 



The glauconitic sandstone lies at a di^th of from 960 to 1,416 
feet below sea-level, the depth increasing towards the south or 
south-east at almut 1 in 4o0. It has an average thickness of 
about 30 feet in the 40 bores that have intersected it. The 
niaximum thickness recorded in any bore is 60 feet, in the No. 2 
]>ore of the lakes Entrance Development Co., near Lake Bunga 
in the parish of Colquhoun. 

Crespin (1943) classifies the glauconitic sandstone as the lower 
lithological unit in the Janiukian stage of the Middle Miocene 
in Gippdand. It overlies Miocene strata of the Anglaean stag^, 
and passes upwards into sandy micaceous marls which contain 
grains of glauconite in their lower beds. 

A petrological examination of specimens from the core of the 
No. 10 Government bore at Lakes Entrance has been issued by 
Dr. F. L. Stillwell, under the title “Glauconitic Sandstone from 
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No. 10 bore, Lakes Entrance ”, as Mineragr^hic Report No. 308, 
oi the Council for Scientific and Industriai Resnreb- This 
examination was made at the request of Dr. H. G. Raggatt, 
Director of the Mineral Resource! Survey. Porosity measure¬ 
ments made by Mr. R. F. Thyer, of tne Mineral Resources 
Survey, on dried specimena from this core had given porosities 
as hign as 35 per cent., which is mudi in excess of that recorded 
for most oil s^s, while permeability measurements on the same 
specimens had shown thm to have low permeability. The 
petrological examination was sought in the hope that it mig^t 
provide some explanation of this anomaly, but only a partial 
explanation was arrived at. 

This, and other peculiar features of the g^uconitic sandstone 
revealed by this examination, indicated that a more extensive 
pjXrolc^cal study of the formation as a whole was justified. 
To this end material from all the available cores of other 
Government and private bores was examined. This material was 
made available Iw the kindness of Mr. W. Baragwanath, then 
Director of the Geological Survey of Victoria. 

My thanks are also due to Dr. M. Glaessner, Dr. W. D. 
Osborne, Mr. J. Montgomery, and Professor E. S. Hills, for 
helpful criticism of the manuscript. The omnal petrological 
examination (Mineragraphic Refmrt No. 308; was made in 
collaboration with Dr. F. L. Stillwell. 


Fetrologjr. 

In the hand specimen, the glauconitic sandstone is brownish- 
green to brown, and uniformly fine-grained, except for occasional 
rounded grans of iron-stainM quartz, or quartzite, a millimetre 
or more in diameter. Occasionally these coarser grains are 
sufficiently numerous to give the rock a grit-like appearance over 
a thickness of about half an inch. A freshly brokdh surface is 
minutely pitted owinjg to the breaking out of the ^uconite 
grains from the matrix. The grains that remain in the surface 
look like minute pellets of limonite. Some specimens contain 
mrsely distributed shells, such as Turritelloids, 1 to 2 cm. long. 
These are generally filled with glauconitic sandstone, though a 
very occasional shell may be only partly filled. 

Thin sections were prepared of representative samples of the 
sandstone from the eleven available boiw cores of the bores that 
have encountered this formation. They are Government bores 
Nos. 3, 4, 5, 6, 7, 8, 10, 11, and Lakes Entrance Development 
Co. No. 2 bore, all in the pai^ of Colquhoun, Point Adois Co. 
No. 1 bore, and Gippslana Oil Co. No. 3 bore, in the parish of 
isai/ift.—10 
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Bumbcrrah These eleven bores are so spaced as to cover most 
of the extent of the glauconitic standstone formation (fig 1) 
From most of these cores two samples some feet apart were 
sectioned hut from No 10 Government l)ore pansh of 
Coiquhoun ten sections were cut representing the horizons at 
1 261 63 feet 1 265 67 feet 1 267 70 feet 1 270 72 feet 1 275 76 
feet 1 277 78 feet 1^1 94 feet and 1 294 1 300 feet The 
close similaritv lietween all the specimens sectioned leives little 
doubt that they give a true picture of the composition of the 
sandstone formation 


Some of the bore cores had been air dried liefore they were 
received others had been stored in sealed tins Some had been 
drilled dry and the dnll cores were too hot to hold m the hand 
when raised others had been drilled wet and were not heated 
unduly by tile drilling The differences m drilling practice and 
storage do not appear to have affected the state of the glauconite 
or the structures of the rock 


The specimens with one exception were too friable to section 
\Mthout previous impregnation Since glauconite undergoes 
dehydration when heated above 70°C (Ross 1926 Takahishi 
1939) care w is taken not to heat them unduly 1 he specimens 
were soaked in a thin cold solution of canada lialsam in xylol 
ind dried in an air (ven at 30®C The cemented material was 
then mounted ind sectioned in the usual wav With some 
sections it w is necessary to coat the ground surface with the 
lialsam wlol solution and dry at 30®C seveial times before a 
smooth surfue suitable for mounting lould be obtained the 
same process had *0 be repeated dunng the final stages of gnnd 
mg some of the thin sections Wet specimens were dried for 
24 hours at 30®C in the an o\en prior tc impregnation 


The thin sections reveal that the specimens from the difterent 
bores and from different horizons in tht same h re are closely 
similar in mineral composition and texture hut vary slightl> in 
the proportion of the various constituents Ihey consist of 
numerous smooth surfaced oval and sub angular grams of 
glauconite dispersed through a fine grained feispathic sandstone 
which consists of quartz orthoclase oligocLase and abundant 
hiotite with minor amounts of muscovite pynte iron oxides 
teucoxene tourmaline zircon apatite and in places a carbonate 
mineral cemented together by a greenish to greenish yellow 
botropic substance presumably a glauconitic mud In some 
sections this glauconitic mud is largely replaced by the carbonate 
mineral which is presumably dolomitic since it is not stained 
by treatment with silver nitrate and potassium chromate 
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Occasional tests of foranunifera (consisting of (.alcite) are 
usually present generally with a filling of green glauconitic 
nuterial 

1 he quartz and felspar occur chiefly as angulai to suli angular 
grams from 0 1x01 mm to 0 05 x 0 05 mm in size in 
some sections the majonty of the grains are water worn In 
addition there is in every section a few coarser limonite coated 
and well rounded fra^ents of quartzite quartz or felspai a 
millimetre or more in diameter dispersed through the hne 
grained rock In some sections there are also occasional well 
roimded pellets of hne grained mudstone more or less 
glauconitized of aliout the same dimensions (Plate IX fig 7) 
^ese may be of coprolitic origin Many of the numerous biotite 
flakes are slightly chlontized or riaucomtized Ihey vary in 
size from 0 3x01 mm to 0 1 x 0 05 mm 

These together with the less common minerals are set in an 
amorphous or cryptoi rystalline greenish to yellowish susbtance 
which occurs as films of cement between the individual grains 
where they are closely packed (Plate IX figs 1 and 2) and 
ac a base through which they are studded in sections m which 
they are widely spaced In some sections the width of the green 
cement separating the individual grains is as much as 0 05 mm 
The material appears to be a glauconitic mud and generally 
forms the filling of the tests of loraminifera m the rock 


I he proportion of caibonate varies greatly from section to 
section In some it occurs only as the tests of the occasional 
shells and foraminifera hut m others it is an abundant 
constituent of the matrix of the rock largely iwlacing the grten 
base In several of these sections it occurs chiefly as well formed 
and slightly iron stained rhorabohedra of dolomite about 0 05 x 
0 03 mm either as isolated crystals or in clusters This well 
crystallized dolomite is presumably of diagenetic origin 


i iiF Glcucovitl 

1 he glauconite grams are occasionally 1 0 mm across but are 
generally between 0 5 x 0 3 mm and 0 2x0 2 mm borne of 
Uit grains are peen or greenish yellow but the majonty of mins 
are \ ellow yellowish brown or reddish brown and some closely 
resemble limonite in appearance indicating that they are altered 
forms of normal green glauconite con^rable with the alteration 
products of glauconite described by tiildersleeves (1932) from 
the weathered Focene greensands of Virginia and Maryland 
USA 
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Some of the altered glauconite grains are zoned, the outer lone 
being generally darker than tiw core, though some show a 
narrow fringe of greenish'yellow material around the brown 
zones. In some sections a number of the grains ha^ a green 
or greenish-yellow core with a yellow or brown margin. 

Many of the grains have smooth, rounded surfaces, and some 
have a smooth, mammilUUed surface. Others are angular to 
sub-angular. Some of the rounded grains are nearly circular, 
but the majority are oval. Occasional grains contain inclusions 
of quartz that are finer-grained than the quartz of the sandstone. 

Many of the glauconite grains reveal evidence of shrinloitt. 
Scnnetimes the uirinkage cracks extend more or less ladiaUy 
into the grains (Plate IX., fig. 3). Maw of the grains have 
shrunk away from the enclosing matrix (^Plate IX., fig. 1) or 
from a narrow rim of glauconite strongly cemented to the nuitrix. 
Some zoned grains show shrinkage cracks at the margin of 
successive zones. These shrinkage cracks appear to be similar 
to the fractures in weathered glauconite figured by Gildersleeves 
(1932). For some grains, the shrinkage cracks may constitute 
as much as 30-40 per cent, by volume of the grain. 

The shrinkage cracks are an original structure of the glauconite, 
and are not due to heating during drilliog, or drying out of the 
specimens. This is proved by the fact that, in sev^ sections, 
grains of altered glauconite occur in which shrinkage cracks have 
developed, but have been infilled with the green or greenish-yellow 
material that forms the cement between the grains of the sand¬ 
stone (Plate IX., Fig. 2). The pattern of the shrinkage cracks 
(Plate IX., fig. 2) Iraves little ooubt that they arise from the 
drying out of an originally gelatinous substance. Similar shrinkage 
cracks, thou^ not so strongly developed, characterize many grains 
of unaltered green glauconite found at higher horizons m the 
Gippsland bores. 

The shrinkage probably occurred during lithification. Qauconite 
mins which have shnmk away from the enclosing matrix (Plate 
IX., fig. 1) or from a narrow rim of the grain stron^y cement^ 
to the matrix, could only have done so after the row was more 
or less consolidated. Wliere the cracks have bem infilled with 
glauconitic mud, either the shrinkage cracks occurred at an early 
stage of lithification and the glauconitic mud was squeez^ into 
the opening or carried in by connate waters, or tiie glauconitic 
mud enterM cracks which had developed during deposition. In 
sections with abundant carbonate, the carbonate rarely, if ever, 
occurs In the shrinkage cracks of the j^uconite grains, tho^ 
in such sections the cracks are often fillM with green glauconitic 
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mud. Since the carbonate ii probab^ diagenetic in drigin, the 
filling of the shrinloige ctmdcs, and hence their formation must 
have taV'en place either at an e^y staM of lithification or during 
deposition. The latter seems unl&ely because the fractured parts 
of graiM so broken by shrinkage cracks would readily have 
separated. 

Formation op the Glauconite. 

As noted by Crespin (1943, p. 33), much of the glauconite 
appears to have formed from the alteration of biotite in the 
numner described by Galliher (1935). All stages of the transi¬ 
tion from biotite to glauconite can be seen in the thin sections. 
The biotite first swelled in a direction at right angles to its 
cleavage planes. Commonly the swelling was greater on one side 
of the flcike than on the other, so that the swollen flake became 
curved (Plate IX., fig, Where this unequal swelling was 
pronounced, the biothe fi^e became fan-shaped, the clcavm 
traces corresponding to the ribs of the fan (Plate IX., fig. 

In this expanded state, the biotite retains its pleodiroism and 
colour. Takahashi (1939, p. 506) indicated that the swelling is 
caused by hydration of the biotite, which leaves it in a gelatinous 
state. 

At this st^e glauconite developed along the cleavage planes 
so that the biotite became parti-coloured brown lamellae alternat¬ 
ing with green (fig. 8); the glauconite spread laterally into the 
biotite until the whole of the expanded flake was converted to 
^uconite, in which faint traces of the biotite cleavage still 
remain (I^te IX., fig. 6). During this transition, the lamellae 
of biotite between successive cleavage planes sometimes splaved 
arart, and when the splayed margins became slightly rounded, 
they gave the glauconite a mammillated outline (Plate IX.. fig 1) 
that might be mistaken for the cast of a foraminifera. As the 
gelatinous glauconite dried, it shrank, developing rounded edges 
and shrinkage cracks. 

The well-rounded outlines of irany of the glauconite grains, 
and of some of the expanded biotite flakes, contrast strongly 
with the distinctly angular form of many other grains of 
glauconite and expanded biotite (Plate IX., fig. 1). The rounding 
mav be due to attrition during deposition or, more probably, as 
Galliher (1935) sugrats, to pass^ through the intestines of 
worms while in a geuitinous condition. 

The soned character of some of these grams in their altered 
state is presumably due to the inward progression of alteration 
rather than to any original zonal structure on the glauconite 
grains. 
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The biotite flakes in their unaltered state are about 0 3x01 
nun or smaller On expansion the length of 0 3 mm remains 
unchanged but the width of 0 1 mm increases to 0 5 tnm and 
ocrasionally even to 1 0 mm This accounts for the distinctly 
larger grain size of the glauconite grains as compared with most 
of the other mineral constituents of the sandstone Prior to the 
hydration of the biotite and apart from the occasional well 
rounded coarse grains of quartzite and pellets of mudstone the 
detrital grains were well sorted The size distribution of the 
grains aj^ars to agree with that figured Iw Takahashi (1939 
p ^11) for typical glauconite sandstones The presence of the 
occasional well rounded coarse grains is probably due to the 
fact that they would roll more readily under the action of 
relatively weak currents or wave movements than angular particles 
of the same size 

A small proporticn of the glauconite grains have formed not 
from biotite but by the impr^^tion with glauconite of the 
mudstone pellets that occur sparsely through the rocks The 
grains so derived can be distinguished even when highly altered 
because the} contain inclusions of small fragments of quartz 
distinctly smaller than most of the quartz grains in the 
groundmass (Plate IX fig 8) 

Alteration of the Giauconite 

The alteration of the glauconite ocairred either prior to or 
during lithification In some sections (Bore No 5 parish of 
Colquhoun) normal green and altered brown glauconite with 
all intermediate stages occur in the same section The altered 
glauconite graini) are sometimes rimmed by a thin margin of 
greenish glauconite and the shnnkage cracks in the altered 
glauconite are filled with green or greenish yellow glauconite 
mud 

A small relatively pure sample of the altered glauconite 
containing some adherent quartz was prepared by crushing the 
rock from No 10 Government bore parish of Colquhoun with 
1 rolling pin so as not to break the glauconite grains unduly and 
then separating tlm ghiuonite from the bulk of the other minerals 
m the rock b^ stlnnsii n in bromoform of Speafic Gravity 2 85 
The glauconite rich product obtained was then screened through 
a 60 mesh sieve The material retained on the sieve consisted 
essentially of glauconite grains with a little adhering quartz ^n 
analysis of this sample gave the composition shown m Table 1 
Analysis Nq 1 For glaucorate to alter to a substance of this 
composition the silica potash and soda of the original mineral 
(compare Analyses Nos 3 and 4) must have l^n rqilaced 
extnsively by ferric oxide Most observers (Collet and Lee 



Glaucomtic Sandstone East Gtppsland 


161 


1905 Ca 3 feux 1916 Milner 1940) agree that glauconite is an 
unstable mineral whKh readily alters to limonite or ferruginous 
clay if exposed to oxidising conditions so that this is a nirmal 
change for glauconite to undergo 

Such a change could have been brought alnmt by ^eatheiing 
1^ the action of iron bearing solutions during lithihcation c r 
during deposition The films of oxide on the occasional coarse 
rounded grams of quartzite might be regarded as evidence of the 
passage of oxidizing iron bearing water through the rock hut 
weathering or alteration during lithification seem t> be ruled 
out because the green glauconitic mud that forms the cement of 
the rock and fills the shnnkage cracks in the altered grains is 
generally unaltered The assoaation of grains of green and 
brown glauconite in the same section and the relatively 
unoxidized state of the pynte grains in the rock is further 
evidence supporting this conclusion The fact that there is no 
concentration of alteration along the margins of shrinkage cracks 
shows that the alteration took place prior to shrinkage and while 
the material was still gelatinous 

Table ] *Com ‘osrnoM or Altsbfd and Nokmai GLAucoNm- 



1 

2 

» 

4 

BO. 

Alfy 

25 81 

27 74 

53 61 

49 47 

7 27 

13 02 

9 56 

5 59 

Ft-Oj 

FcO 

47 25 

39 93 

21 46 

19 46 

0 72 

1 76 

1 58 

3 36 

UgO 

2 14 

4 62 

2 87 

3 96 

CtO 

2 00 

1 19 

1 39 

0 60 

KiO 

2 31 

0 95 

3 49 

804 

sy 

al 

0 62 

0 48 

0 16 

11 89 

10 85 

5 96 

8 54 

CO, 

1 tr 


— 

0 56 

TiO, 

0 05 


— 

— 

RbO 

1 0 05 


tr 

— 

PA 

0 3S 

— 

— 

1 06 

T0Ui 

99 84 

too 68 

too 34 

100 80 


1 Ahered glanccmitc (with lome quartz) from the Miocene fflaucontr 

sandstone Bore No 10 parish of Cedquboun Ciippsland Analyst 
A B Edwards 

2 Decomposed glauccmite from recent marine deposits (quoted by Collet 

andl^ Proc R<w Soc Edin 1905 vol 26 pp 238-278) from 
Murray and Renard, Deep Sea Deposits Challcnffer Report 1891) 

3 Average of four analyst of recent glaw^onitts collected by the 

Challenger expedition (Twenhofel Treatise on Sedimentanon 193? 
P 456) 

4 Punfied glauconite from Cretaceous of New Jersey (Ibid ) 
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It seems probable, therefore, that this glauconite was altered 
to limonite or ferruginous clay during its oeposition. Glauconite 
forming in die present oceans is sometimes subject' to 
just such alteration, under conditions that are not yet defined 
(Collet and Lm, 1^5). Comparison of Anal 3 r 8 i 8 No, 2 of Table 
1 with Analysis No, 1 shows how closely such altered g^uoonite 
in deep sea deposits now forming can resemble the altered 
glauconite of this Miocene sandstone. 

Collet and Lee have also shown that a brown femigitraus clay 
develops as a midstage in the formation of glauconite froin 
pellets of grey clay, the green colour of the glaucoiute appearing 
only when potassium is introduced into the_ ferruginous clay. 
While this might apply to the brown glauconite developed from 
the mudstone pellets, it cannot be true for most of the altered 
glauconite, which was formed from biotite, because Galliher 

i l935) found no trace of such an intermediate stage in present¬ 
ly glauconite forming directly from biotite. 

Pebmeability and Porosity. 

The permeability of the glauconitic sandstone was first 
measured by Croll (1939) who used material from the No. 1 
Government bore, parish of Colquhoun, the No. 2 bore of the 
Lakes Entrance I^veloppient Co., and the No. 1 Kalimna bore. 
He obtained an average permeability of 223 millidarcies along 
the bedding, and of 15 millidarcies across the bedding. Individuu 
measurements ranged from 5 millidarcies to 450 millidarcies. 
Thyer’s unpublish^ measurements for the No. 10 bore indicate* 
a lower permeability, with no consistent difference in directions 
parallel to and transverse to the bedding. 

The appearance of the glauconitic sandstone in thin section 
throws little light on the variable permeability, and fails to 
account for the unusally high porosity of the dried rock.' A 
piece of the air-dried core of No. 11 bore, parish of C^uhoun, 
was ground to a block mmsuring ?•$ x 6*0 x 6*0 cm. This was 
immersed in distilled water. Innumerable minute babies 
developed on the surf an of the block, and showed only a very 
slight enlargement in size, until they escaped from the surface 
after one or more days, without other bubbles forming in their 
place. From three or four points, however, strong persistent 
8tream.<i of mmute bubbles issued, several hundred biibbles being 
emitted per minute by each stream. These streams of bubbles 
continued for about two and a half hours. The bubbles from 
two such streams were trapped in inverted test tubes filled lyith 
water, from which it was found that the volumes of air emitted 
by the bubble streams amounted to 8 c.c. for one stream and 
nearly 10 c.c. for the other. 
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' This feature of the ettussion of persistent streams of bubbles 
at one or two points was noted in practically all the specimens 
immersed in x^ol-canada balsam solutions. In some instances, 
air from connected channelways issued at two points on the 
same spedmen, and filling of the pores widi soluuon led to the 
sudden cessation of one stream of bubbles, with a simultaneous 
Jncreased emission in the other stream. This, coupled with the 
practical absence of bubble emission over large areas of the 
specimens, indicates that the larger open spaces in the rock tend 
to iQcdized, and so exdains the great variability in perme¬ 
ability noted by Croll and ^yer. It was also noted, in the case 
of the large block of rock referred to above, that the bubble 
streams issued from faces at right angles to the bedding of the 
rock, rather than from faces parallel to the bedding, suggesting 
that, as Croll found, there may in some specimens be a somewhat 
greater permeability parallel to the bedding than across it. 

The absorption ratio of this block of rock, after immersion 
for seven days, followed by drying for six hours at 105°C., and 
for a further three days in a sulphuric add dessicator at room 
temperatures, was 17-8 per cent. Repetition gave a practically 
identical result. The specific gravity of the powdered rode from 
which the block was cut was 1*8, so that the apparent porosity 
of the block was approximately 32 per cent., which is of the same 
order as Thyer’s mure accurate measurements. 

The absorption ratios measured in the same way on air-dried 
specimens from three other bore cores, namely No. 5 bore 
(1,238-^ feet), No. 8 bore (1,055 feet), and No. 10 bore 
(1,270-72 feet) were 10*5 per cent., 16-5 per cent, and 17'2 
per cent. respMtively, corresponding to ap^rent porosities of 
about 18 per cent., 29 per cent,, and 31 per cent. 

These high absorption ratios may be a measure of the pore 
space of the rock, or they may represent the capacity of the 
glauconitic mud cement to absorb water. If they measure the 
pore space of the rock, then since there are no obvious cavities 
or open spaces of this volume present, then such pore space ren 
be accounted for only as due either to incomplete compaction 
allowing the existence of submicroscopic openings along the grain 
boundaries and in the glauconitic mud cement, or to air-drying 
of the rock indudng such openings in the cement. 

.To test diis, specimens of the glauconitic sandstone were 
impregnated with a bright red xylol-balsam solution, so that the 
distfibution of the balsam absorbed by the rock could be traced 
in thin sectiem. JHie balsam was intensely coloured means of 
an oil-soluble rra dye, which is manufactured by British Drug 
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Houses and is soluble in xylol On evaporating out the xylol 
from the xylol balsam solution on a hot plate and heating the 
balsam until it set Inrd the balsam retained the dye though 
remaining perfectly transparent and the colour remained fast 
In thin sections the coloured balsam appeared pink 

A senes of sections were prepared from air dried material 
imgregnated with this red balsam from the cores of the No 4 
No 6 No 8 and No 10 Iwres Ihc thin sections revealed only 
a few actual fractures grain boundanes or natural open spaces 
filled with pink hals'im and more often than not the shnnkage 
cracks in the grams of altered glauconite remained unfilled The 
cement of glauconitic mud however was changed in colour from 
green or yellowish green to i pinkish brown indicating that the 
d>ed xylol balsam solution had penetrated it more nr less 
uniformly presumably along submicrosconic openings Ihc 
pinkish colour ^as not due to reaction with the glauconitic mud 
cement because over a period of about seven da\s the glamonitic 
mud cement slouly resumed its normal greenish colour possibly 
as a result of slow oxidation of the dye stuff or of base 
exchange betMcen it and the dye stuff It is concluded from this 
that the ^auconitic mud forming the natural cement of the rock 
IS highly porous in its air dried state the pore being chiefly 
capilltary oi^enings with diameters between 0 001 mm and 
0 0002 mm The natural cement commonly constitutes 50 per 
cent or more of the rock so that if it were highly porous such 
openings could account for much or all of the measured p >rostt> 

It seems highly doubtful however that this measured porosity 
IS the true porosity of the rock in its natural state because even 
air drying of the rock might cause a shnnkage of the natural 
cement and increase the porosity of the rock considerality 


Oonoluslon. 

Glauconite can form from a variety of substances provided 
that they liccomc gehtinous through hydration (lakahasnt 1939 
pp 506 512) S^uch substances include faecal pellets clay 
colloidal and opnlme silica sponge spicules fragments of \olcamc 
glass and minerals such as felspars pyroxenes and micas Which 
of these substances will be the (fominant source in any one 
locality will depend i^artly on the mineral composition of the 
rocks from which the sedimentary materials are derived and 
partly upon their relative susceptibility to hvdration and 
gelatinization other factors being equal 

Thus in areas like that under consideration where the 
sedimentary matenal was denved largely from granitic rocki 
the substances most susceptible to glaucomtization that wdl dc 
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pre^t m abundance are biotite and felspar The observations 
of Galliher (1935) and those descnbed above show that in such 
circutnstances biotite becomes hydrated and gelatinous much 
more readily than the associated felspars so that the biotite tends 
to be attend to glauconite while the felspar remains fresh nnd 
unaltered 

The alteration of glauconite to ferruginous clay oi hmmitc 
follows the same general course whether the alteration takes 
place during deposition during diagenesis or subsequently as a 
result of weathering Altered glauconite is not therefore of 
Itself sufficient eviomce of a disconformity in a sedimentary 
senes 

It is also clear that the appearance of a rock in thin stetun 
18 not always a reliable guide as to its porosity and that special 
techniques such as impregnating the rock with coloured medu 
are necessary to determine the nature of the open spaces 
Moreover in dealing with rocks which contain a considerable 
proportion of clays or clay like substances any drying of the 
rock may cause considerable shnnkage of such substances so 
that porosity measurements on such dned rock will not 1 e a 
measure of the porosity of the rock in its natural state 
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▲KMUAL REPORT OF :|rUE COUNCIL 

VOS THB nAB 19U 

The Council present* to members of the Soct^ the Annual 
Rqxrt^ And Statement of Receipts and Expendituie for the year 
1944. The following meeting's of the Socie^ were held: 

March 9; Annud Meetiiw. The fpOowing otece-bearers were 
elected: President, Mr. w. Bara^anath:Vice-Presidents, 

D. A. Casey, Ca p tai n T. K. Davis iHonoiaiy Treasurer, Mr. W- J* 
Parr; Honoraiy Librarian, Ifr. F. A. Cudtnore; Honorary 
Secretary, E>t. r. L. Stillwell; Members of Council, Professor 

E. W. Smts, Professor S. M. Wadham, Professor R. D. Wright, 
Dr. R. T. Patton, Mr. D. J. Mahrniy, Mr. Croslrie Morrison. 

The following members of Council continued in office: 
Professor W. A. Osborne, Professor H. S. Summers, professor 
J. S. Turner, Dr. T. M. Baldwin, Mr. J. S. Rogers, Associate- 
Professor O. W. Ti^. 

The Annual Report and the Financial Statement for 1943 
were read and adopted. 

At the close of the Annual Meeting an Ordinary Ms 
was held. Lecture; “Flax and Flax Production," by Dr. L 
Phipps. 

April 13: Lecture: “The Electron Microscope," by Dr. J. S. 
Hoalong. 

May 11: Lecture: “The Road to Darwin with the Army 
E^ca t ion Services in Northern Australia," by P. Crosbie 
Morrison. 

Tune IS: Lecture: “The Meteorological Conditions of 
by Dr. F. Loewe. 

July 13: Papers: “Classification of Victorian Plant Com* 
mumties," by Dr. R. T. Patton. "The Stratieragdiical Range and 
Habitat of the Diprotodontidae in South-East Australia," Iw 
R. A. Keble. "Note on Some Buried Vallmrs along the Scum 
GiMisland Coast," ^ Dr. A. B. Edward ^Geology of PhiUip 
Ishad?* by IDr* A. B. Edwards. 

Aiigust lO: Lepture: “Some Borderlands of Microbblogy, 
Bicjcl^^is^ and Gnetics,” by Dr. P. M. Burnet. 

September 14: Lecture: "Sheep and Wool: Recent Research 
anti ProipmAive Dcvelopiiicnts," by Piofessor A. P. Bather. 

Oetobhr 12: Lecture: "The Ptobtem of the Origin of 
Inseets," by Assodate-Prplesaoi’ W. Tie^g. 



November d Papers “Note oe tbe Age and PalacQgeograpliy 
of the Brown Coal Peposita of Gippslandt Victorta,*’ by Irene 
Cr^rni Australian Ambroaia Ftugi,” tw Mra Shirley Webb 
Lecture The Leigh Creek Coalfield, by Dr A B Edwatda 
December 14 Papers "Botrytia Conn Rot of die Gladiolus 
—Its Cause and Control,’ by G C Wade "A Gla u oo nit i c 
Sandstone fran the Tertiary of East Gippsland," by Dr A B 
Edwards The Chonebdae of the Palaeosoic Rocks of Victoria,” 
Iw Rev E D Gill A Commentary on a Recent Classification 
of the Gippsland Tertiary,” by P A Singletcn "Tertiary 
(JanJukianl Shelly Faunules fitmi near Pnneetown, VKtona,” 
by F A Singleton and Owen P Siiq^eton 

The Soaetys Hall was still required by the Amqr Hiring 
Department under the National Secunty Regulations for Defence 
purposes, but satisfactory arrangements oontmued for its use by 
the Soaety for the monthly meetings 

Reciprocal arrangements have been made with the Royal 
Societies in other States whereby members visiting another State, 
may attend meetum and use the library of the Royal Soaety m 
that State on production of a letter from the Secretary of this 
Soaety The pnvil^es are available for three months, and may 
be extended at the discretion of the Counal of the local Soaety 
Dunng the year two members, two country members and 
three associate members were elect^ 

The Council deeply r^rets the loss by death of three hfe 
members, one memt^, one country member and two associate 
members , 

Thomas Ranken ^le Kt MA,DSc FRS Emeritus 
Professor of Natural Philosophy of the Umversity of Melbourne, 
was bom m 1860 m Colerame, Northern Ireland, and educated at 
the Coleraine Academic Institute and Tnmty College, Dublin 
He graduated with high academic distmctions which were 
combmed with athletic prowess His first post was lecturer m 
mathematics at the Catholic College Dubhn and he was a member 
of the Irish International Rugby Football teams of 1885*7 In 
1889, he was appointed Professor of Natural I%ilosophy m the 
University of Melbourne holdmg the chair until his retirement m 
1915 In 1905 he was awardea the D Sc of Dubhn University 
and, in 1912, he was elected FRS After relinquishing ms 
Chair he was associated with H J Grayson at die University of 
Melbourne in the production of diffraction gratings, and, after 
Grayson s death, purchased the machine from Grayson’s estate 
Just before his death he donated this madune to the National 
standards Laboratory of Australia Lyle earned a load of 
important public responsibihties, bang rewarded with a kmght* 
hoM m 1922 He was the first Qiairman of the State 
Electricity Commission and afterwards cootmued as a 
member He was chairman of the Board of Vistton 
at the Melbourne Observatorv from 1903, a member and 
Vice-President of the Counal of Educattoo He was a 



director of the Metropolitan Gas €o., a member of the 
Federd Munitions Coounittee set up duriw the 1914-18 war, 
a chairman of the Industries Exemption &inimttee and tot 
chairman of the Standards Association of Australia. Lyle's 
published contributions to science lie mainly in die Amiain of 
electrical circuit theory. He was the 6rst to give a cnmpiftg 
theory of the simpk utemator, and he was among the tot in 
Austria to take X-ray {diotographs, unng tubes made widi his 
ofta hands. He contributed articles on related subjects to the 
Proceeding of this Society in 1904-5. He was dected a member 
, of the Sodety in 1889 and an honorary life-member in 193& He 
died on Mai^ 31 at the age of eiglity-diree. 

Ambrose Pratt was bom at Forbes, N.S.W., in 1874, and 
educated at the Sy<^ey Grammar School and Sydn^ University, 
graduating in law in 1896. Within a few years he retired from 
Ae legal profession and wmt to ^gland, published several tiovda 
and entered the field of journalism. Returning to Australia in 
1904, he became a leader writer on the “Age.” In 1915 he 
became ^itor and part proprietor of the Australian Industrial 
and Mining Standard, retiring from journalism in 1927. He then 
became comrany director to several tin dredging companies in 
Malaya and Thailand. Apart from his newspaper work, he wrote 
about 30 novels, as well as several zoolc^cal, economic and 
historical works. His interests were wide and he was for 
many years President of the Royal Zoological and Acclimatisation 
Sodety of Victoria, a member of the committee of the library 
Assoctation and a vice-president of the Learoe of Youth Move¬ 
ment. He was also a member of the Board of Management of 
Mount Royal Hospital and Queen's Memorial Hospital. He 
was elected a member of this Society in 1918 and bec^e a life 
member in 19.3.3, He died on September 13 at the age of 
70 years. 

Daniel James Mahony, M.Sc., was bom in 1878 at Melbourne, 
and graduated as a bamelor of science at the University of 
Melbourne in 1904. In 1906 he Joined the Geological Survey of 
Victoria as petrolc^st. In 1912 he was locum tmens for Sir 
Douglas Mawson at the Adelaide University during the Aus¬ 
tralasian Antarctic Expedition. He served with the Royal 
Artillery in the war of 1914-1918. In 1931 he was transferred 
from tiie Geological Survey of Victoria to the pMt of Director 
of the National Museum. In this capacity he introduced the 
dioramas and staged a fitting setting of the famous ethnological 
collection. In doing so, Mr. Mahony contributed generously 
from his own pocket and secured substantial donations from 
some of his friends. He helped to form the Galleries and 
Museums Association of Australia, of which he wu the first 
diairman. He was a chairman of the scientific committee of the 
Zoological Board of Victoria. He joined tiiis Sod^ in 1901, ud 
seri^ as a member of Council from 1931 till his dea^, being 
President 1939-1940. He contributed two papers on T^iary 
Volcanic Rocks to the Proceedings of the Society. He died on 
S^ember 28 shortly after his retirement from me Museum, 



Gilbert Ri|K Wm bom iii Ut 1873. He coaAhehfaed 

his associatiod with zioc prodtietion id 1908^ when he Urns 
appobited chief of the researdi department of the New Jcra^r 
Zm Co., U.S.A., and in the last five years of lys engagement he 
also hdd the position of sales engineer. In 1916, he came tp 
Atistndla as metallurgical mgineer to the Broken Hill Associated 
Sntdters Pty. Ltd., and, at me same time, he became consolt&ig 
metilhn^aj en^eer to the Electrolytic Zinc Co. of Anstralaria 
Lhl. In 1924, jointly with Herbert Gepp, he was awarded tfie 
Gold Medal of the Instituticm of MSniiw tmd Metallurgy, London, 
in recognition of joint and individml achievements in die 
development of the electrolytic process for the production of zinc, 
and in the treatment of oomidex sulphide ores in Anstralia. 
After 1926, he retired from active professicmal Kfe thoqgh still 
retainlog his connection with die Broken Hill Associated Smdters 
as conswtant. He then devoted himself more and more to his 
own private researdies, maintaining a keen interest in those 
scientific developments which particularljr interested him. He 
was dected a member of this Society tn 1931. He died on 
September 2. 

Hetbert Montgomerie Standish Cox, of Wombat Park, 
Daylesfbrd, pastoralist, died on March 14, 1944, aged 85. He 
was bom at Rawdon Station, Rylston, N S.W., and was a famous 
hOrscmSn in his yopngcr days. was a grandson of Captain 
William Cbx who orMhised and carried out the constraction of 
die first road from Sydn^ across the Blue Mountains, which 
#44 completed in 1815, eij^een months after H was tx^n. He 
was deconl a country member of diis Society in 1931. 

John George Haston joined the Mines bepartment in 1897, 
4rid first servm as assistant on geological surveys in the Snowy 
River, the Apollo Bay*Forrest and the Baw Baw>Aberfddy 
districts and on a detailed survey of the Berringa mines. In 
1904, he was appointed to take charge of a survey of the Myrtle- 
ford auriferous belt, which was vubvmtiently extended to include 
the Buckland River, Buffalo Creek, Stanl^ and Twist’s Creek 
areas. He was next engaged in mapping lam areas in die 
northerii portibn of Bemmibra and, from 15C3-3S, widi his 
headquarters at Baimsdale, he conducted a g^ogical and 
topographical survey of considerably more than SOO Muare miles 
of &atem Gippstand. He retired in 1942, but was immediately 
edgaged by the Cominanwealfh Government to supervise die 
borit^ for bauxite in Gippdand. In 1943, he was re-employed 
by the Mines Department as curatm* of the Geological Museum, 
and heM this post imtfl his death on Aug^ 9, 1944. He 
was electcid an associate member of the Simety in 1913, and 
contributed a paper as joint author with Dr. A. B. Edwards 
on the "Igneous Redes of Nordi-Eastem BenamhA" to die 
Proceedings of this Sodety. 

John Cuthbert Traill was bom 4t Geelong in 1864 and 
educated at Gerton^ Grammar School and Melboume University. 

4 



He was one of die eartieet studcntt of Ormond College and 
mduated B.CE., in 1888. He then joined the staff of 
Huddart Paiker Ltd., of^ whidi his father was one of the 
foimders. He was at one time manager of the Geelo^ office and 
was transferred later to Melbourne. He maintained a wide 
interest in cultural matters and was president of the Old Ormond 
Students' Altodatton in 1923-4. He was elected an associate 
ihember of this Society in 1903. He died on Atqpist 21 at the 
age of eighty. 

*1110 attendances at the Council meetings were as follows: 
Mr. Baragwanath, 10; Mr. Morrisoi^ 10; Mr. Parr, 10; Dr. 
Patton, 10; Dr. B^win, 9; Mr. Cadmare, 9; Professor Stmts, 
8; Dr. Stillwell, 8; Associate Professor 8; Captain Davis, 
7; Professor Summers, 7; Mr. Rogers, 5; Professor Turner, 5; 
Professor WadhaOi, 5; Mr. Mahony, 4; Professor Osborne, d; 
Professor WrMt, 0. Major D. A. Casey was granted leave of 
absence for military duties. 

During the year, 831 volumes and parts were added to the 
libraiy. Many of the overseas exchanges are temporal^ 
suspended on account of the war. Owing to man-power ditnculties 
arising from the war, the Hon. Librarian has carried on without 
the hdp of an assistant librarian. Members are asked to co¬ 
operate by returning borrowed books within die ^edfied time 
limit of three months. 'The value of the library has proved itsdf 
in the war effort. Books have been lent to Australian, American 
and Dutch Forces, also to departments and firms on war work, 
while the Soci^ is co-i^ierating in the compilation, by the 
Allied Geomphical Section, of an Annotated Bibliography of the 
Southwest Paafic and Adjacent Areas. 

Volume 56, Part 1, of the Proceeding of the Society was 
issued on August 1. The publication of tms volume was assisted 
^ a credit of £100 made available at the Government Printing 
Office by the State Government, and by grants from the 
University Publications Fund, towards the cost of publishing 
papers from the Science Departments of the University of 
Melbourne. 

HONORARY TREASURER’S REPORT. 

The financial statement shows a credit balance of £371/10/9 
at Slst December, 1944, as against £194/12/2 at the end of the 
previous ^ear. *11118 balance does not, however, rqiresent the 
true position, as, because of delays in printiqg, tiie second part 
of Volume 56 of the Proceedings was not puUiriied during the 
year, and tiiis expenditure, estimated at £230, has yet to be met. 

Subscriptions hgve been well maintained, but the fallii^ off 
in the total general receipts other than rents has continued. 
Rents have increased as a result of the temporary occupatioo of 
part of the Hall ^ the R.A.A.F. Without me receipts from this 
source the financim position of the Society would be deteriorating 
because of the greatiy increased cost of printii% the Proceedinga 
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MEMORANDUM FOR AUTHORS 


Authors are particularly r^uested to note the following 
instructions before submitting papers for ptiblication. 

1. Papers must be in a form suitable for publication and 
complete when communicated to the Society, and should be as 
concise as possible. They must be accompanied by an abstract 
of not more than 100 words, for publication in Australian Science 
Abstracts. 

2. Papers should be in double-spaced typescript, with ample 
margins, and on one side only of the paper. Footnotes are to be 
avoided. 

3. The use of italics should be restricted to generic and specific 
names, foreign words, and titles of periodicals. 

4. The cost of author's corrections to proof above what the 
Council considers a reasonable amount must be borne by the 
author. 

5. All references should be listed at the end of the paper, 
arranged cither alphabetically or chronologically, under authors' 
names, or numl>ered serially in order of first mention in the text. 

Examples of the respective forms of citation;— 

Fenner, C. 1918. The Physiography of the Werribee River Area. 
Pro€, Roy, Soc. Vk., n.i., xxxi. (1), pp 176-313. 

5. C. Ffnnkr. The Physiograidiy of the Werribee River Area 
Proe, Roy, Soc, Vie,, n.s, xxxi. (1), pp 176-313, 1918 
The corresponding references in the text should be “ Fenner 
(1918)," and (5) " respectively. 

6. Before preparing illustrations, authors are advised to consult 
the Hon. Secretary regarding the most suitable material, style, 
arrangement, and dimensions to be adopted for their drawings 
or photographs. 

7. The size of the printed plate will not exceed 8 in x 4^ in., 
and drawings may l)e to this size, or preferably to a convenient 
small multiple thereof. The effect of the necessary reduction on 
lettering and fine detail should be home in mind. Text figures 
should be drawn for reduction to a width not exceeding 4 in. 

8. Drawings in line should Ijc executed in intenbcly blade 
ink, such as a good India ink, on a smooth surface, preferably 
Bristol board. Excessively fine, scratchy or faint lines are to be 
avoided. Tints or washes cannot be reproduced in line drawings. 
Bold contrasts are essential for good line work. 

9. Drawing or photographs for rq>roduction in half-tone 
should, where possible, be grouped for reproduction on one plate. 
They should 1)e done or mounted on a smooth surface, such as 
Bristol board, as the grain of most drawit^ papers becomes 
visible on production. Single photographs should be sent flat 
and unmounted. AH prints should be on glossy bromide or 
gaslight paper, and trimmed to show only the necessary features. 
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Art. I.— Note on the Pollen of Nothofagus GunnU {Hook ) Otrst. 

By ISABEL C. COOKSOX 
[Read 12th April, 1945.] 

Notkofagus is represented in the flora of eastern Australia and Tasmania 
by three species. Of these N. Mooret (F. Muell.) Maiden, is restricted to 
New South Wales and southern ^eensland, N Cunntnghim (Hook.) 
(Jent. to Victoria and Tasmania, whilst N. (juanii (Hook.) Oerst occurs 
in Tasmania only. The pollens of N. Cunnmghamt and N. Mooret were 
described by Miss L M. Cranwell in 1939 (Rk. Auck. Inst. Mus. Vol. 2, 
No. 4, pp 1S4, 185). In this article the pollen of AI. Gumui is discussed. 

Unlike the pollens of N. Cunninghami and N. Moorei, which are of 
Cranwell’s N, Menxusti type, the pollen of N. GvnnU is of the N. fvsea 
type (Cranwell, loe. cit. p. 185). 

Description of Grain .—^Almost circular in polar view; size-ranM 
25*5-39/1, the avenue being about 31^ Pores 3-8, exceptionally 3, mainly 
5-7, the mamrity 6; from one locality (3, table 1) 7-pored grains pre¬ 
dominated. Pores shallower than in grains of N. fnsca. i’Gjt deep, 
wide, and 8-9/i long. Exine approximately 1*3-1 *75/1, not so slro^ly 
thickened around the pores as in N fuseo, sculpture clearly defined, papillae 
less closely set than in N. fusca and rather more strongly developed. Cell 
contents dense, numerous stareh grains present. 
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HaMt^N, GunnU it a deciduous, much-ttraiiched shrub, 5-8 feet in 
height, 

jlestricted to high altitudes towards the western rc^oa 

of Tasmania. 

Plowring Pmod.—December, 
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Ast. II.— Th$ Resistance of SotHe Australian Timbers to Decay by Mme 

Fungi, 

By SHIRLEY WEBB, M.Sc. 

[Re&d 14th June, 19451 

Introduction 

Very little tnycological work has been done in Australia on the decay 
of mine timbers. This paper descnl)es some investigation carried out on 
Australian mine fungi, with particular reference to their ability to cause 
deca^ of Australian hardwood timbers. The fungi discussed were all 
obtained in pure culture from decayed mine timber or from fruiting bodies 
present in a lead-zinc mine at Broken Hill. An attempt was made to 
discover which fungi were responsible for the main decay of timbers in 
the mine and which were the most prevalent. 

The Fungi 

Comopkora cerebella Pers, Polyporus sonalis Berk, Trauteies serialts Ft,, 
Porta xantha, Lind, non Fr., and Merultus pinasirt Ft. are the wood- 
destroying fungi which were isolated and identified. Others were isolated 
in culture and found to cause considerable decay but have not so far been 
positively identified. Throughout this paper all colours written in italics 
are taken from Ridgway's Colour Standards and Colour Nomenclature (18). 

Coniophora cerebella was isolated from decayed mine timber more 
frequently than any other wood-destroying fungus. It thrives in damp 
localities and is found commonly in mines and cellars throughout the world. 
This fungus gives rise to a dark-brown rot which can spread rapidly under 
moist conditions and its presence must be regarded very seriously. Hard¬ 
woods and softwoods are attacked indiscriminately and even the densest 
hardwoods are not immune to decay by this fun^s. Its typical olive-brown 
warted sheets of fructification and black twine-likc strands were seen 
spreading copiously in all the damp parlb of the mine Basidiosporcs from 
these fructifications measured from 7-11x5-9/4, with an average of 
9*1 X 6-7/1. This is the first record of the undoubted occurrence of 
C. cerebella in Australia. Scott (20) reported considerable trouble with 
jarrah (£. margtnata) and Red Gum (£. rostrata) paving blocks and 
considered that the decay was probably due to this fungus 

Polyporus sonalis was found to be the cause of serious white-pocket 
rot in the hardwoods, particularly in very moist situations.' In America 
this fungus is known to give rise to a white-pocket rot of hardwoods, 
including Oak, and is widespread in the tropics, causing decay in tea and 
rubber plants. Brown (4) rep(»rts that Polyporus rugulosus, which is 
synonymous with P. son^ts, is present in very moist parts of the mines in 
South Africa. Dr. T. W. Bowen was good enough to forward a specimen 
of one of these fruiting bodies and it agreed in all details with the Australian 
form, He stated in a private communication that he had found it on mina 
timbers only, never aoove the ground, both in Southern and Northerti 
Rhodesia and that it was undoubtedly in the copper mines of the Belgian 
Congo, He thought it was the most virulent wood-destroying fungus he 
had encountered. Cooke (10) notes that P, sonalis has been found on dead 
wood In Victoria and Queensland, 



F, MonaUt is able to form copious typical fruiting bodies undergrouttd 
and many perfect specimens were seen and collected. The tough mthery 
fruiting booies bsve a smooth maize-yellow hymenium and narrow Incurved 
cream edge when young. The hymenium darkens as it becomes dldet 
and when dry is fifsk^cher to vinaceous-tawny in colour, Ric^way (1^ 
while in section the colour is lighter, from tfuUMe^ellow to ptnkisfhbuff. 
The u|^r surface is zoned and velvety and usually pale-yellow to warm* 
brown in colour. Encrusted cystidia are common in the hymenium and are 
considered by Bose (3) to be the most characteristic feature of this fungus. 

It should perhaps be pointed out here that Oregon (Psiudotsi^ 
taxifolia) was formerly used almost exclusively in the mine from which 
the fungi were isolated. However, owing to difficulties of supply during 
the last war, some Australian hardwoods were substituted. Altnou^ these 
timbers proved more resistant to decay than the Oregon underground, it wu 
not until very recent years that they began to replace it to any extent. This 
replacement has now been acceleram by the practical exclusion of imported 
softwoods from the Australian market. Considering the presence of so 
much Oregon in the mine, it was not surprising to find wood-destroying 
fungi whiem are typical softwood rotters and womd not be expected under 
normal conditions m Australia. The most common of these is Tramstfs 
serialis, which was found most often attackii^ Oregon, but was also seen 
to cause a brown rot of hardwoods. 7. rrnniu is well known in Britain as 
the most important cause of decay of imported Oregon, but this is the first 
time it has been recorded in Australia. In America it is responsible for 
considerable brown rot of softwoods in buildings and in storage. Pilat (17) 
has reported that this fungus is found frequently in the coal mines at 
Pribram in Czechoslovakia. 

Many cream to chalky white fruiting bodies, ranging from small 
cushions to perfect bracket shapes, were seen in the mine. They became 
discoloured on bruising and showed tinges of brown on ageing and were 
thought at first to belong to Tratnetes serialis. However, pure cultures 
obtained from many of these were very different from T. serialis in culture; 
in fact, they resembled much more closely cultures of Polyporus fumosus 
Fr, as described by Cartwright (7). Similar cultures were obtained fre¬ 
quently from decayed timber showing brown rot. Until definitely identified, 
they will be referred to as Trametes species. 

Poria xanilta was also isolated from decayed Or^n in the mine 
although not as consistently as T. serialis and the Trametes sp. (A1 and D6). 
According to Cartwright and Findlay (8) who give a detailed account of 
the two fungi, F. xanlha is the frequent cause of much decay in the wood¬ 
work of hot houses in Great Britain. It is also one of the prindpd fungi 
responsible for the decay of roofs of paper mills in Canada, but its presence 
has not been recorded before in Australia. The poroid fructification was 
found occasionally in the mine. It is resupinate and spreads as a tidn 
suli^ur yellow layer over the surface of the wood. The pores are normally 
small and round^ but occasionally become irregular and more elongated, 
The basidiospores are hyaline and allantoid and range from 3-7 X 1 *5-2*5^ 
the average size being 4‘8x2/i. The fructification is characterized by $ 
sweet odour reminiscent of lemons. Badcock (1) noted this and recorded 
the scent as sweet limonene or almost lemon. 

Uerulius lacrymans, the dry rot fungus, was not seen or isolated fttwis 
the mine timber. However, another species of Merulms (M. pifuutri) was 
found to be very widespread on Or^on, causing conaiderablis brown rot. 
It was not seen to attack any hardwood in the mine, even when this stood 



in toamadbte contict with Otegon badly decayed this fungus. Caitwright 
and Ffa&y (8) record Jf. finasiri as a fungus of minor importance 
softwoods in Great Britaitt It is not often de^bed or mendoned as a ^ 
Vrood-destroyer. Howerer, Burt (5), who described the fruiting bodies in 
detail, stated that thc^ were found on decaying wood and bark, ususUy 
coniferous. Brown (4) mentions a spe^ of MeruHus that is common in 
die South African mines at relatively high temperatures but does not give 
any description. She also notes the ab^ce of Af. lacrymans from the 
same mines, 

if. pinastri forms large perfect fruiting bodies in the mine, bracket¬ 
shaped or circular, according to their position on horizontally or verti<^y 
plam timber. Ihey are asally found in the damper part of the mine 
associated with widespreading fluffy mycelium, which is white at the edges, 
but brown in the older portions. The young fruiting bodies have a thi^ 
rolled creamy white edge surrounding me Mnard yeuow hymenium which 
covers little tubercles or very short teeth. The teeth lengthen as the fruiting 
bodies age and become olivaceous brown in colour. Spores are yellow-brown 
and ovu, measuring 3-5 X 2-3fi witii an average size of 4 X 2*5/1. The 
whole fruiting body is very soft and flabby when gathered, and the tissue 
of the pileus 15 yellow and stringy. Pure cultures were obtained from the 
fruiting bodies, but never from decayed timber. Growth was extremely 
slow in culture and, in making isolations from decayed wood, the fungus 
was alway.s overwhelmed by faster growing moulds. 

Several other basldiomycetes were obtained in pure culture from decayed 
mine timbers, but have not yet been identified. One of these, referred to 
subsequently as D2, causes a brown rot and appears to be almost as virulent 
a wo(M-de5troyer as Coniophora arebetta, 

Inooulatlon Bxperiments 

Kxpeeimental PaocKDuaE 

Experiments were carried out to determine the comparative resistance 
of a number of species of Australian hardwoods to decay by the mine fungi, 
I1ie cj^^rimeotm procedure differed somewhat from the standard method 
of tMting the decay of timbers, in which oven-dried blocks are placed under 
sterile conditions on a young mycelial mat of the fungus growing on malt 
agar in special Kolle flasks. In this type of test, the blocks are sterilized 
by the oven-drying alone, and not by subseciuent heating in an autoclave. 
It is claimed that the extra heating in the moist atmosphere of the autoclave 
tends to soften the wood, and thus makes it less resistant to decay by wood- 
destroying fungi. However, in an experiment carried out to test this, the 
loss of weight in unautoclaved blocks of messmate placed directly on the 
mycelial mat of C. cerebella was even greater than that in the autoclaved 
blocks subjected to attack by the same fung^ (see Table 5). The fungal 
mat was not grown on malt agar, but on soil to which 10 cent, of the 
accdcratcr, recommended by Badcock (2), had been added. This accelerator 
is made up of 50 parts maize meal, 30 parts bone meal, 17 parts potato 
starch, 2 parts sucrubc, and 1 part wood ash by weigl\t. When the blocks 
were autoclaved, the cxperiniental procedure was always the same and, each 
timber wa.s subjected to attack under similar conditions, hence the results 
should be strictiy comparable. KoUe flasks were not available for these 
experiments, and the soil method of Leutritz (16) was used, llis method 
appears preferable, as tihe conditions of the experiment approximate more 
clc^y to the natural condition of tiie mine. 
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SMrky IVM: 


Five hundred grams of ovoi'dry soil were placed in icrew-top iart of 
1 litre capacity, water was then added and mixed thoroughly with ^ 
soil, the percentage varying with the experimental series, osiudly 25 or 30 
per cent Two Uocks of the timber under test were imbedded in 
m each jar, leaving one comer projecting. (For some experiments larger 
jars had to be used, with 800 grams of soil and four blocks instead of two.) 

lids were placed loosely on the jars, which were then sterilised for 
30 minutes on three successive days in an autoclave at one and a half 
atmo8]^eres pressure. After the final sterilization, the projecting comer of 
the blocks was inoculated with the appropriate fungus from a young culture 
on malt agar, llie caps were then screwed down tightly and the jars kept 
for six months in an incubator room at approximatdy 25'’C. 

The experimental blocks were taken from sound seasoned truewood and 
were of uniform size, 2x1X1 inches, with the length running across the 
grain of the timber. They were oven-dried at 102-104®C. for four days, 
weighed and placed oven-dry in the jar?*. In the standard test, a period 
of eighteen hours is recommended for oven-drying. It was found that this 
was not long enough for the complete drying-out of blocks of the heavier 
timbers, which lost considerably in weight after the first day. Since any 
timber will go on losing weight in very minute otiantides over an extended 
period of time, it was decided to take the oven-dry weight after four days, 
by which time the weight was approximately constant. At the end of the 
experiment, the blocks were removed from the jar, freed carefully from 
adnering soil and mycelium, and weighed immediately. They were then 
oven-dned again. Appreciable weight was still being lost by the fourth day. 
By the eighth day, loss in weight was negligible, and therefore oven-drying 
was carried out over a period of eight days instead of four at the end of 
the experiment. The percentage loss in oven-dry weight, based on the 
original oven-dry weight, was taken as a measure of the amount of decay. 
Controls were run with each series, the procedure for these differing only in 
the absence of any inoculation. The final oven-dry weights of the control 
blocks served as a check against any decay by intruding soil fungi. 

The Test Fungi. 

As many different species and isolations of wood-destroying fungi from 
the mine as possible were used in the inoculation tests in order to detemune 
the most virulent forms, those still unidentified are designated by numbers 
and letters alone. The following list sets out the forms used:— 

Coniophera and Bll. 

Mfruliuj /'imij/ri—M16 
Polyporus sonalis-^MZ 
Trametes B9. 

Tramiiu sp.—A1 and D6 
Pvrio jtch/Imi—A 8 and A9. 

Polytticiia wjfcv/ar—P2. 

Unknown—A3. 

Unknown— B9a. 

Unknown—D2. 

PolystictHs versicolor has not been found in the mine, but is included in 
standard laboratory experiments for the determination of resistance to decay 
of hardwoods on account of its virulence as a wood-destroyer. It is a white 
rot funras which is very widespread in Australia, and which is found in 
mines all over the world The culture used here was obtained from a fniitiag 
body found on a rotten log in Victoria. 
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CofAophora ctrthMo proved to ^be the most virulent of the funm tn 
ittadrinif the hapdwoods» but the unknown D2 also showed itself to oe a 
Very potent wood-destroyer, causing definite decay in the more resistant 
hardwoods. The Tromeies sp. (cultures A1 and DS) and the unknown A3 
caused some decay of the denser hardwoods and very considerable decay 
the lighter timbers tested. 

Contrary to expectations, the decay caused by Polyporus sonalis was 
insignificant in most cases, litis fungus was always seen in extremely moist 
situations in the mine, and it is thought that the moisture content of 
experimental blocks was not high enough to permit this moisture-loving 
fungus to become really active. 

Great difiiculties were experienced in inoculating timber with Merulius 
pinastri, and although many attempts were made, success was reached with 
only a few of the timl)ers tested. In cases where the fungus did grow, 
however, it attacked the softwoods readily and proved to be a surprisingly 
virulent destroyer of hardwoods, in contrast tn the related species, M, 
lacrymans. It is known from former experience that M. iacrymans, although 
80 potent a wood-destroyer, is extremely sensitive in culture. It will stand 
little disturbance with an inoculating needle, and is easily killed 1)y slight 
increase of temperature above the low optimum temperature. l%is 
sensibility in culture, combined with its extremely slow ^owth, explains 
the difficulty experienced in inoculating timber with this fungus. 

Porta xantha and Trameies seriahs, both typical softwood rotters, were 
unable to produce decay in the denser hardwo^, but caused definite rot 
of the lighter ones. 

Tbs Test Timbers. 

The principal hardwoods used in the mine to replace the softwood 
(Oregon) are blackbutt, messmate, and river red gum, but owing to practical 
diffic^ties of supply, many other timbers occur in lesser quantities. Samples 
sent down to Melbourne for specific tlctcrmination included red bloodwood, 
mountain grey mim, tallow-wood, forest red gum, red mahogany, spotted 
gum, and brum oox, in addition to the three species mentioned above. (The 
common names of timbers used in this paper are those listed as standard 
common names in “ The Nomenclature of Australian Timbers ” (21).) 

Little data based on laboratory experiments arc available on the 
durability of Australian timbers. Cummins and Dadswell (11), in discussing 
the nuun pole timbers of Australia, stated that the fibres for pole life were 
based biwly on opinions or general results, and that no detailed records 
were available. They placed the timbers in three classes, according to their 
durability. In selecting timbers to be used for tests a^inst the mine fun^, 
types were chosen from these three classes, in addition to the three nwn 
lurdwood timbers of the mine. Those selected are as follows 
CelKtfif p/ofkra—Cypreis pine 
Eifcaipphis ra^iVfUato—Brown stringy bark. 

£. Spotted gum. 

B. microcoryt^TaXhw-wood, 

K Meumate. 

£. ^iMdrif^Blackbutt. 

£. rfgnoif—Uountain ath. 

B. rojfrata^-River red gam. 

£. Sydney blue gum. 

taxifoUx—Oregon. 
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Qrpreu pine was dastified by Cimunins and DadswcU as ** nry dusiUd,* 
tattow-wood and river red gum as ** durable ” and spotted gum, m es wn a t a , 
and blackbutt as "less durable.” Or^n was iocmded in the teHs for 
conmrison widi the hardwoods on account of its former widespread Uaa 
in the mine. 

Two scries of experiments were run for each timber, one in which the 
initial moisture content of the soil was 25 per cent, the other 30 per cent. 
All experiments ran for a period of six months. 

Eight blocks of each timber were subjected to attack by each fungus in 
each series. The percentage loss in oven-dry weight was detemuned, and 
toe average for toe eight blocks taken as the percentage loss in weight for 
a particular timber when attacked by the fungus in question. 

In experiments such as these, the timbers are exposed to the wood- 
destroying fungi tmder very favourable conditions for attack Thus the 
rate of decay is probably considerably accelerated However, toe comparative 
resistance to decay can be determined in this way in a relatively short time. 
Under the more natural and fluctuating conditions in the mine, it is likely 
that decay would take place more slowly Valuable information on this 
point would be obtained by carrying out tests in the mine itself with samples 
of the different timbers. 

It should be pointed out here that in eadi case timber from one source 
only was tested Timbers of one particular species may vary considerably 
in density and toughness, and in its resistance to decay. In order to obtain 
really conclusive results in tests of this nature, samples of each timber 
ehotdd be taken from five or six different localities. However, the extensive 
facilities for carrying out such varied and widespread investintions were 
not available. The results obtained at least mve an indication of toe behaviour 
that can be expected from the different timers when placed under conditions 
where decay is likely to occur Further work with timbers from varied 
sources is in hand. 

The attack by Coniophora cerebella (Bll) on all timbers has been 
chosen as a typiau example Complete figures are given for timbers of a 
high, medium, and low resistance when exposed to this fungus (see Table 
4 and Graph 1). Graphs 2 and 3 show the comparative effect of six typical 
fungi on dl toe timbers tested. 

Moisturb Content of the Soil and Blocks. 

The moisture content of the timber varies tremendously in different 
parts of the mine. In toe vicinity of those parts where ore is actually being 
removed and is replaced by sand which is nooded in with water, toe timber 
is actually waterlo^ed. In other localities, particularly in toe main stopes 
away from active removal of the ore, the timber is much drier, Decay is 
influenced largely by toe moisture content of the timber. Timber wito a 
moisture content of less than about 20 per cent, will not dec^ to any extent, 
because there is not sufficient moisture for toe growth of the nmgus. Timber 
which is completely waterlogged will not decay because there u insufl^ent 

S for toe growth of toe fungus. Between the two extremes, decay Is 
e. The optimum moisture content of the timber for decay depends 
on the epectfip, pf the wood-destroying fungus, but is said to vary from 
30 per cent, to oO per cent of toe oven-dry wei^t of the timber. For 
instance, Mmtims lacrymans is able to attack timber wito a very low moisture 
content, whilst Coniophora erreboUa requires a much hi^er moisture content. 


Amtratt(m Timbirt to Docay by Mino Pimfik 9 

E^fficully Wai •xperienced in ucertaiitlng optimum mowturc conditioiHt 
lor tbe fungi under tut, and in obtaining sinmr moisture condMoos in 
blocks m eadi timber, Different timt^, or even different spedmens 
of tin same timber, will take w varying amounts of moisture undet 
identical conditions. Cartwright (o) in discussi^ the decay of sitka spruce 
by Tramehs smalts noted the practical impossioility of oWining samples 
of wood, which will, under the same conditionb, take up equal amounts 
of water. This makes it doubtful whether extreme accuracy in controlling 
^ese factors would not be wasted. 

In the early stages of the work, an experiment was carried out with die 
purpose of determining the most suitable percentage of moisture for the soil 
in die jars. The non-resistant timber, mountain ash, was exposed to attack 
by three different isolations^ of the potent wood-destroyer Contophora 
cersbtUa at different soil moisture contents. The cultures used were B2 
and Bll, already mentioned as having been isolated from decayed oregon 
and B3, which was obtained from brown rot in messmate. Four series were 
carried out with each fungal culture; in the first senes the moisture content 
of the soil was 20 per cent, in the second 25 per cent, in the third 30 per 
cent., and in the fourth 35 per cent. The results are set out in Table 1. 


Tasu Xr-Eiualyptus rtgnemt^ExK/m to Tbbh Difpebeht Stiains or Conkphofo 
tfrehella nm Six Months; with Vakyino Moistuib Contents or the Sat. 
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.The figures in the second column, referring to the percentage moisture 
contoits of the blocks, were obtained 1^ taking the average moisture content 
of the controls for each series at the end of the expenment lliis is seen 
to rise vrith increase in moisture content of the soil and reaches nearly 
100 per cent in tlie 35 per cent series. The amount of decay was 
considerable in every case, hut did not vair greatly in the first three series. 
In the fourth, however, the amount of decay was significantly lower for 
each isolation, and the statistical analpis of the results showed the effect of 
moisture content to be highly significant The moisture content in these 
blocla was obviously above the optimtun even for the moisture-loving 
C. cmbsBa (see Graph 1). 

It was decided, in view of these results, to use the two series with 
medium moisture contents of the soil for all future experiments. In ijw 
first scries, tiie amount of water added to the soil was 25 per cent, of its 
oven-dry weight In the second series 30 per cent was added. The 
percentage of moisture taken up from the soil by the blocks varied 
condderetdy and could not be controlled accurately. The lighter timbers, 
such as mountain ash, messmate, brown stringy hark, or^n, and cypress 
took up mudi more moisture than did the denser tunb^s blaixbutt, 
^ river led gum, spotted gum, and tallow-wood. An indication of the moisture 
* cooient of the bloc^ during the experiment wu obtained from the moisture 
content of the controls at me end of the experiment Figures for these are 
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given in Tables 2-5^ tether with tiie toss in weight due to decay in the 
tnoct^ed blocks. Extra control jars were srt up in one experunent, and 
these were opened after different periods of time, from one to six months, 
and the blocks used for moisture content determinations. From these it 
\^a8 seen that the amount of moisture in the blocks was approsutnately the 
same at the end of the experiment as during the first and following months. 
This was not the case, however, in the inoculated blocks. When decay took 
place, the timl^er took up more moisture and became spongy and less dense. 
Thus as a rule, the greater the decay, the higher was the moisture content. 

A comparison of Graphs 2 and 3 will show the difference in the amount 
of decay caused by several of the fungi in the two series of soil moisture 
contents. In the majority of case^, the amount of decay was somewhat 
fff^ter in the blocks of the scries with soil at 25 \^r cent, moisture content. 

even held for the attack by the moisture-loving Contophora cfreheila, 
except with the timl>er Sydney blue gum, where considerably more decay 
was present in the scries with 30 per cent, soil moisture content than 
with the 25 per cent, senes. 

The percentage of moisture in the blocks seemed to be suitable for 
decay by all fun^i except Poly porous sonalis. The amount of decay caused 
hy this fungus in Ixith scries of exi^eriments was never meat, and it is 
tnou^t that this was proliably due to an insufficiency of moisture. P. 
sornuu!, unlike other mine fungi, caused extensive decay only in those parts 
of the mine where particularly moist conditions prevailed, and where the 
timber was dripping with moisture. It would, therefore, be desirable to 
test cultures of this fungus on blocks in soil with a considerably higher 
moisture content than that used in the tests already described. Preliminary 
tests have indicated that considerably more rot would be caused by P, sondts 
at a soil moisture content of 4S per cent. 

No statistical analysis of the diffcvence in resistance of different species 
of timber was carried out, since each species was represented by material 
from only one source. However, the results obtained indicated that the 
species examined fell into three groups of resistance, namely, high, medium, 
and low resistance, which appeared very well demarcated. Since the different 
species differed in the variability of the loss in weight as well as in the mean 
loss obtained with each fungus, each was analysed separately and each 
fungus in each moisture content regarded as a different treatment. 
Si^ificant differences of treatment means were worked out for each apccies 
of timber, the significant differences being based on the average variance of 
treatment means for the species. These figures are included in Tables 2 
and 3, Thus, the significant difference at the 10 per cent, level for mountain 
ash is 12-41—this means that if the difference betwiran the mean losses 
caused by any two fungi attacking this timber is higher than 12-41, there 
is a significant difference in the virulence of those fungi towards it. For 
example, C. cerebeUa can be expected to cause more rot of mountain ash 
than can Pona xantha, but the latter fungus cannot be expected to cause 
more rot than the unknown fungus A3. 

ExPfitiMBNTAt Results. 

Owmf to the bulk of the tables, complete results for all experiments 
are not included, a summary of the results is given instead, In Tables 2 
and 3. Complete figures for the attack by Coniophara emheUa on a timber 
from each of the three moups of resistance, high, medium, and low, are 
gtven in Table 4. Gramms 2 and 3 show the comparative effect of six 
typical fungi on all the timbers tested. 
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Key for GFraphs 

The test timbers are numbered as foUows — 

1 Bucalyptus regnam^Howtm ash. 

2 £. obhqua —Messmate 

3 £. capUellata^Brcm stnngy bark 

4 E, Mh^riMS—Sydney blue gum 
$ E ^u/onr—Blackbutt 

' 6, h Mocuhta —Spotted gum 

7. E. rosffflto—River red gum 

8. R mirrororys—Tallow-wood 

9. Calltiru p/ouco—Cypress pine 

10. Psmdoltuga fiurt/o/ia—Oregon 
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Disouiiion of Remits 

BUckbutt, spotted gum, river red mm, and tallow-wood were by^ far 
the most resistant timbers tested, and uiey exhibited very much the same 
behaviour towards each of the funm used. The statistical analysts showed 
that the differences in loss of weight due to decay were not significant and 
did not allow of comparison between these timbers. Coniophora cergbiUo 
and the unknown fungus D2 caused the greatest loss in weight, but even 
with these virulent wood-destroyers decay was not really severe. Poria 
xantha, Polyporus aonaltSt and the unknown B9 a did not give rise to 
significant loss of weight in any of these timbers, whilst Trametfs sp* (A1 
and D6) and the uidmown A3 caused slight decay. The decay due to 
Trametes serialis and Polysticus versicolor was negligible except in the case 
of spotted gum, where attack was noticeable but not severe. Merultus 
finastri cau^ an average of 8 per cent loss in weight in river red gum, 
but practically none in tallow-wood. Its effect on blackbutt and spotted 
gum is not knovm, as inoculations of the fungus against this timber were 
not successful. 


Mountain ash proved to be the least resistant of alt the Australian 
hardwood timbers tested. It was attacked very readily by each fungus to 
which it was e^^sed, whether it were a hardwood or softwood destroyer. 
P. xanthc and i. serialts decayed this timber to a considerable extent, and 
after six months exposure to attack by C. cerebella and the unknown B9a, 
the blocks could be crumbled easily in the hand. 

Messmate was not attacked quite as readily as mountain ash, but did not 
prove to be a resistant timber. The softwood rotters, F, xantha and 7. 
seriaiis, and the unknown brown rot forms (A3 and B9 a) were able to 
cause appreciable brown rot in this timber, whilst attack by C. cerebella 
and Trametes sp. D6 was even more severe. 

Brown stringy bark was more resistant than the two previous timbers 
to attack by P. xantha and 7. seriaiis, but was definitely decayed by TramMs 
sp. (A1 and D6), C. cerebella, P. xonalis, and M. pinastri. Brown stringy 
bark was one of the few hardwood timbers with which the inoculation of 
M. pinasiri was successful, and it proved very susceptible to attack by this 
fungus, 40 per cent, loss of weight being caused in the one series and 
23 per cent, in the other. 


Sydney blue gum was re.sihtant to attack by P. xantha and P. sonalis 
and the uiiknown B9a, and only showed very little decay with 7. seriaiis 
and Trametes sp. (Al). However, in the series with the higher moisture 
content of the soil, it was no more resistant to decay by C. cerebella than 
was messmate. 


T^ only Australian softwood timber to be tested was cypress pine 
(CallUru glauca). For reasons that arc discussed later, the results with 
thw timber were verV variable. With 25 per cent, moisture content of the 
soil consicterable rot was caused in most blocks of cypress pine hy P. 

sp. (D6, but not Al), by pinisirt. C. 
virulent strain Bll, and the most severe rot 
^ the potttt rotter D2. With 30 per cent, moisture content of Ae soil, 
however, D2 practically no rot at all, and the two isolations of 

C. cerebella oriiy slight rot Most rot was caused in this series hy P. xantha 
A8, Trametes sp. (Dfi), and M, pinastri. 
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' Id view of the fact that oregon wzs us^ formerly almost exclusively 
in the mine, teats were carried out with this timber for comparison with 
the Australian hardwoods. Extreme decay resulted in every case, with 
hardwood and softwood rotter alike, except with F, sonahs where rot was 
signilicant but not high. Oregon proved to lie less resistant than mountain 
asn, the least resistant of all the Australian timbers tested. 

The classification of pole timbers according to their durability as set 
out by Cummins and Dadswell has already been mentioned. Although used 
for very different purposes, and under different conditions from mine timbers, 
•pole timbers arc subjected to conditions favourable for decay at the ground 
line, and a durable pole timber, just as a durable mine timber, must be 
resistant to d€cay in contact with the ground. Cummins and Dadswell placed 
tallow-wood and river red gum in the “durat)le” class, but spotted gum 
and blackbutt, together with messmate, were classified as “ leas durable.” 
It is interesting to note that in the experiments described above, both 
spotted gum and blackbutt proved to be quite as resistant to attack by 
wood-destroying fungi as tallow-wood and red gum. Messmate behaved 
according to expectations from this classification, and proved considerably 
less resistant to attack than the above-menioned timl)ers. The results with 
messmate are not in agreement with those of Findlay (15), who included 
it when testing the natural resistance to decay of some Empire timbers. 
His figures for the decay of messmate were remarkably low compared with 
the Australian figures. When attacked by Contophora cerchella, the loss of 
weight after a period of eight months was 6-5 per cent, in Findlay's 
experiment. In contrast to this, reference to Table 2 shows that messmate 
lost 28 per cent, of its weight when exposed to attack by C. ceribella for 
btx months with the soil method. Findlay was using the standard Kolle 
flask method, in which the unautoclaved blocks are placed directly on the 
mycelial mat, but the difference in experimental method cannot be responsible 
for such a remarkable difference in the loss of weight per cent. In a test 
mentioned earlier, in which unautoclaved blocks of messmate were placed 
directly on the mycelial mat of C. cerebella, in a comparable way to the 
Kolle flask test, the loss of weight was M \)er cent., a little higher even 
than that achieved in the soil method experiment. 

Findlay considered tallow-wood a r^i slant liml)er. He obtained slight 
loss of weight, but regarded this as due to loss of extractives and not to 
decay. In the experiments described in the present jjaiJcr, there was 
invariably some los.s of weight in the contred.s, and this was considered to 
l)c due to loss of water soluble extractives. It can be noted that the figures 
for the loss of weight in the tallow-wood controls were very slightly higher 
than those in other hardwoods. 

Mountain ash, which proved the least resistant of the hardwood timbers 
tested, was not included by Cummins and Dadswell in any of their durability 
classes. It is not regarded as a suitable pole timber, and in generally knoum 
to be very susceptible to decay. Dadswell (12) pointed out that mountain 
ash IS not suitable for use in contact with the ground, and the experiments 
with the exposure of this timber to the mine fungi ctmfirm this statement. 

Cypress pine was classed as ” very durable ” in the ground. Cummins 
and Dadswell ( 13 ) have shown that its durability is due largely to a voUtile 
add, for which the name callitric acid was proposed. It was doubtful at 
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the outset, therefore, whether the type of test used here, with its prolonged 
heating in the oven nnd autoclave would prove suitable for such a timber. 
A certain amount of the volatile acid was bound to be lost during heating, 
and the resistance to decay thus diminished. As was expected, the results 
were variable, some blocks proving quite resistant, while others were strongly 
attacked by the same fungus, The average of the loss in weight of the 
eight blocks seldom gave a true picture of the results. In many cases, three 
blocks in one jar lost little weight, while the fourth was decayed considerably; 
(Larger jars were used in this experiment and four blocks were placed in 
each jar.) The variable results were no doubt due to the unequal loss of 
the volatile acid and did not give a reliable indication of the real durability 
of this timber. 


Summary 

Qiief among the wood-destroying fungi isolated from decayed mine 
timber or from fruiting bodies found in an Australian zinc mine were 
Comophora arebella Pers., Polyporus somlis Berk., TrameUs serialis Fr., 
Pona xantha Lind non Fr., and MeruUus pinastn Fr. Others were isolated 
but not identified. C. cerebclla and an unidentified isolation, D2, were the 
most potent of the wood-destroying fungi. 

Inoculation experiments, using soil as a medium, were carried out to 
test the comparative resistance of a number of Australian timbers to decay 
by these fungi. Percentage loss in weight, based on the oven-dry weight, 
was used as a criterion of the amount of decay. 

Two series of experiments were carried out for each timber. In the 
first scries, the moisture content of the soil was 25 per cent., in the second 
30 per cent. The lower percentage of moisture gave better conditions foi 
decay in the majority of cases, but there were exceptions. 

Blackbutt (Eucalyptus pilularis), spotted gum (E, maculata), rivet 
ced gum (E. rostrata), and tallow-wood (E, wicrocorys) were outstanding 
in their resistance to fungal attack and although decayed to some extent by 
Cofiio^^ra ccrebeUa, the attack was not nearly as severe as in the case of 
the poorer timbers. 

Mountain ash (E. regnans) was decayed very readily by every fungus 
tested. Messmate (E, obltqua) was not attacked quite as readily, but did 
not prove to be a resistant timber. 

Brown stringy liark (E. capticUata) and Sydney blue gum (E, saltgna) 
were very susceptible to attack by the potent wood-destroyer C. cerebeUa^ 
but were considerably more resistant than mountain ash and messmate to 
the other less virulent fungi. 

Results with cypress pine (Ca/htrir glauca) were variable, proliably due 
to uneqtial loss of the volatile acid to which it owes its durability. 

The important softwood Oregon (Pseudotsuga taxifolta) was decayed 
even more readily than mountain ash. 
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Appendix 

Cultural CHARAcrunsTics or tub Mine Fungi. 

Coniophora cercbella Per A. (R2 and fill) arc two isolations of C*. ctrchilla 
resembling the type described by Cartwright and Findlay (8) as the " Idaweiche ” 
variety. Growth commences as long white tufts from the inoculum and the colour 
develops quickly, passing from straiv yellow through various shades of brown Ihe 
whorM clamp connections characteristic of C. ccrebcUa can be seen on about the fourth 
day, Jtut behind the tips of the young aerial hyphac. They are not seen in old 
cultures. Hyphae are straight and broad, usually about 4 m in diameter, hut thev may 
reach IQm. Strand formation is rapid, but whereas the strands on malt agar usually 
remain light m colour, in cultures on wood blocks they become very dark and resemble 
closely those formed in nature. A tough velvety tubercular hj^cnial layer, from 
Dretden brown, raw umber to Saccardo's umber fonns vciy frcquentl> m older cultures, 
particularly in thone on wood blocks, with tlie production of oval to almost globose 
brown basidiospores. In B2, tlwne measure 6 X 4-7m with an average of 7-5 X 5m. 

Merultus pinftstri Fr. (M16).—Pure cultures of this fungus were obtained from 
the fmitmg belies, but never from rotting wood. The aerial m>cclium on malt agar is 
at 6rst thick, white, and fluffy, hut as growth proceeds the m}celium in the centre 
luma Pinard yellow to Umpire ycilotv and then various shades of brown, from amber 
brown to Sudan brojvn, Argus Ifrown. or nnuamon brown. It always remains very 
*oft and fluffy and never becomes lough. Hyphae are from 1 >5 to 4m in width and do 
not bear clamp connections. The mycelium acquires a powdery appearance due to the 
fni mation of mimeruus •secondary spores similar in size and shape to the basidioapores, 
but borne terminally or in an intercalary fashion on the mycelium. They are oval 

brown in colour, measuring Jrom 3-5-6 X 2-5 m with an average of 4-2 X 3'2 m 
h'lne silky strands cling to tlic wall of the test lube or in wood block cultures pass 
tnim the blocks out on to the neighbouring soil and up the wall of the jar. Growth 
ni culture is extremely slow, a colony only reaching a diameter of approximately 2 cm. 
m fourteen days. 

Polyponu sonolis Berk. (Syn: Polyponts rugulosus)The cultural characterutici 
of this white rot fungus have been desenbed by Davidson, Campbell and Vaughan (14). 
Growth on malt agar ii at first very long, white and silky. The aerial hyphac m 
straight and broad, up to 4 m in diameter, end do not bear clamp connections. Also 
typicM arc the mosaic-like sheets formed by the union of short hyphae. The aerial 
mycelimn soon flattens, becoming pinkuh-btiff m colour and forming a dense flanncMlLe 
mat Small velvety pale orange yellow lumps appear here and there and show on 
microscopic examination the encrusted cystldla so common in the hymenlurn of the 
fndtfaig body. Batidlosporcs have not b^ seen in culture. 
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Tnmeifs gfrialU Fr. (B9)^The cuhartl charactcristict of thii finunii hive btai 
deacr^Md in detail by Cartwright and Findlay (8) and 1^ Snell (19). The AuitraUan 
iiolaAiionf agree very clotely at to macroscopK and microtcoplc cnaracten. <xrowth 
tm malt aev ii at nnt lomewhat lodden and apprettedp but toon bccomei more cotton- 
woolly. The myceUiun ia white, but later shows tinges of saimon colour and lufkl 
salmon orangs and amall patches of bistre brown, particularly at the top of the anpe 
where growu is more luxurious than in the lower portion and tends to plug the tm. 
Niuneroos single clamp connections arc seen on the aerial and aubmer^ mycelhinL 
Chlamydosporcs arc present ami are tisuallv oval and intercalary, but are occanonally 
rounded and terminal. Thejr range from 8*5-21'5 X 6'5-I1 *Sm, with an average of 
12 X 8a. Fine folio*>e fructifications develop, sometimes after a week or ten d^s, 
partiralarly on the inoculum, and produce typical basldia and basidlospores. The 
baskHoaporcs arc oval and hyaline, ai^ range from 4-6 X 


TrameUs sp. (A1 and D6).—It has already been mentioned in the course of the 
paper that many cultures obtained both from miiting bodies and from decayed wood 
lesei^led tlwse of Polyporus fumosus, as described by Cartwright (7), ihbough the 
fnuting bodies were thought to belong to Trametes scrkslis. Typical of these enhuret* 
which are referred to as Trametes ap throughout the paper, arc the isolations A1 and D6, 
A1 was obtained from hardwood showing brown rot, D6 from brown rot in O r egon. 
(jTOwth on malt is at first white, soft, and downy, but soon becomes tufted and 
very powdery and light-buff in colour. The powdery appearance is due to the formation 
of very Duracroui chlamjrdnspores on the aerial mycelium Many single clamp 
connections arc present and they sometimes gi^-e rise to bnnchei. Hy^ae are mostly 
fine, I-2 m in diameter, but may reach a width of 5 or 6ft, Rhomboidal crystals 
are common. 

The chlamydosporci are mostly terminal and often borne in dusters, but are 
sometimes intercalary. In cultures of Al, the chlamydospores range from Mp in 
dUmeter, with an average of 7*5/*. In D6, they range from 5-10 X 4-7 m, with an average 
of 7'3 X S'4g Chlamydospores arc also very numerous in the tissue of the fnictiftcatkm. 
Sma 1 velvety pads of fructification arc formed in culture of both Al and D6 They 
usually turn vellow to lirown in colour when formed on malt agar, but when produced 
on blocks arc often Urge and cushion-like, nnd remain white to cream tor sonic 
montlw before turning bistri* brown. They produce basidia and hyaline basidiospores 
m a hymenium-Iike layer. In A\, the basidiosporrs are 4-5 X 2-5-4#*, with an average 
s«e of Findlay and Cartwright (9) dewribe the cultures of P. fumosus a« 

b«ng soft, thin, and farinaceous to powdery, at first white then pale cartridge huff, 
w-fth numerous s^ntlary spores avcraginic ^IQf*. borne m tufts. Cartwri^t (7) gives 
furtlier details of the culture of P, fumosus, mcntionii^ the above features, aM also 
thepresenw of rhombmdal crystals and the formation of hymenial surfaces with 
nortml basidia and basidlospores and hyphae measuring 1-5#* in diameter, though mostly 
l‘5-2#* It can be seen that there arc very strong resemblances between the cuhural 
clumicrs of Polyporus funiows and those of Al and D6. However, as no cultures 
a^'allable for con^parison, it is thought adiisaWe to refer cultures 
of AI and D6 to Trametes sp. 


Perm xantka Lind ^ non Fr. (A8 and A9) —These arr two isolations of Porta 
from brown rot in Oregon. The cultures agree very closely with the description 
pven for this fungus hy Cartwright and Findlay (8). A very pronoimced sweet 
odour characterize], the cultures, and is noticeable by the sixth or seventh 
day. This confirm* the obserN'ations of Badcock (1) who reports that P. xantha has 
an o^ur resembling liminene, or almost lemon. This Klour is also a feature of the 
fructification 


Growtl^n malt agar it fine and cobwebby, and never luxurious Fine white or 
inoculum over the surface of the agar. Hyphae are 
nne^d single clamp connections are numerous in aerial nnd submerged mycelium. A 
pored hymenial tayer soon forms at the top of the slope and gradually covers the 
^ealCT part of thu surface. In cultures of A8 it is chalky-white to cream, whereas 
in cultures of A9 it is picric yellow to pale lemon yellow in colour. Typical small 
allantoid taajdiospures are formed abundantly on the hyracnium In A8 they range 
Ao “ average of 4-7^. Measurements for baridio- 

/^77X2>*^ identical, with ^ range of 3-7 X 1and an average 
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Vnhnctkm A3 wu iioUted (n cnlture from decayed metimate with Ikht-browa 
■trtngy to ipongy rot. The culture on malt agar it thick, flat, white, and lebed, and 
even old cultures rarely show any change of oolour except for a alight vellowiiig. No 
Hooodary spores arc seen in culture, either on matt agar or on wood blocks, Shigla 
clamp connections are numerous on the submerged mycelium 

Unknovun B9a is an unidentified basidiotnycete isolated from oreipi with brown 
atfli^ rot Early growth in culture on malt agar ia thick, white, and Aufl^, but the 
my^al mat becomes felted with age It remans pure white even in old cultures. 
Smgle claipp connections occur f recently, and numerous rouuded, oval, or pear sinped 
chlamydoapores are present, ranging from ^16 X 6-12P, with an average lise of 
11 X^ther spiky coral-lIkc white abortive fructifications form around the tnocuhan 
and pr^uce small oval hyaline baaidiosoores. The measurements of these are from 
4^ X 2-3 m, adth an average of S X 2*5 m. 

f/nibiotcrti D2 was isohted frequently from hardwood timber with a dark-brown 
stnngy rot, but was not identified. A pure white cotton-woolly nut forms rapidly on 
malt agar and soon blocks the whole tube. There is little alteration in appearance as 
the culture ages, except for a change to r^fatn tolonr or lighi-bufi. The hyidiae are 
extremely broad, usually from 6-2^ in width, ^nd show ^ort blunt bran^es. No 
clamp connections are formed Round to ovat chlamydosporeii are very common, and 
range from 9-14 X 5-1U, with an average slie of 11*SX7-J^. When crushed the 
culture has a pronounced mushroom odour 
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Aht. III .—A Fos^ Whale from Lakes Entraiicc, Victoria, 

By M. F. GLAESSNER. Ph.D. 

[Read 14th June, 1945.] 

AbBtfMt 

The nwtmni of a large beaked whale, derived from the Kalimnan (Pliocene) of 
Gif^ilan^ » dcfcribed. It is conspedhc with a ziphiid rostrum described by Chapman 
from Western Victoria which is recognized as Mtspplodon lot^ostns. The taxonomy 
and stratigraphic distribution of Meioplodon are discussed. Physiological expbmatioos 
of pcculhr structural features of the ziidiiid rostrum are reviewed. 

Introduotion 

The hrst report on a rostrum of Mesoplodon (Cetacea, Fam, Ziphiidae) 
m the Tertiary of Victoria was published by F. Chapman (191/). He 
described one well-preserved and one fragmentary specimen from the 
Kalimnan (Pliocene) of Grange Bum, near Hamilton, Western Victoria. 

During the early stages of the excavation of a shaft near Lake.s Entrance. 
Gippsland, about 1942, another rostrum of a beaked whale, of rather different 
general appearance, was found Mr. Chapman, to whom the fossil was 
submitted, identified it ab Mesoplodon, apparently conspecific with that 
described by him in 1917, Perniibsion to examine and describe the specimen 
was obtained by the present writer from Mr. C. S. Demaine, of Melbourne, 
who also supplied detailed information al)out its occurrence. Mr. Oiapman's 
valuable type specimen and a skull of Mesoplodon grayi described by 
Brazenor (1933) were made available for comparison by the late Mr. D. J. 
Mahony and Mr. R. A. Keble, of the National Museum, Melbourne. 

Genus Mesoplodon Gervais, 1850 

This much-discussed genus includes nine living species (Raven 1937). 
Most of the fossil remains assigned to it coils] st only of parts of the cranial 
rostrum. Detailed studies of numerous Recent skulls have shown that the 
most important specific characters recognizalde in the rostrum of Mesoplodon 
arc:— 

(1) The presence or absence of the liasirostral (maxillary alveolar) 

groove; 

(2) The relative position of the premaxillary and maxillary foramina 

at the base of the rostrum; 

(3) The lateral outline of the base of the rostrum, 

(4) The relation of bones participating in the formation of the region 

of the antorbital notch. 

In connection with (1), it may mentioned that vestigial teeth arc 
present in the gums of the upper jaw in some forms, and that the shape and 
position of the large mandibular teeth are taxonomically important features. 
However, teeth do not usually occur in their original connection with fossil 
cranial rostra. 

The significance of the character mentioned under (2) was explained 
by Raven (1937, p. 6), who stated:— 

** The consplcuoiu maxillary foramen which affords an exit for the principal branch 
of the nervuf infraorbitalit is situated close to the lateral border of the premaxillary 
bone, wlwne the latter is constricted at the base of the rostrum The premaxillary 
foramen in Mesoplodon is always located at the rostral border of the very slight 
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dqireukm thtt marka the lite of the ventral spiracular. or premaxUltry sac* Ifl aonu 
ipcciet of Mejop/oiioK the premaxilUry foramen U in lavance of the auaoeot marintTy 
fonunou in other ipeciet whind the maxillary foramca ThU dep en aa upon the im 
and ihw of the aac.^ In M. furopaeus the lac ia relatively long, oonaequently tin 
premaxillary fommcn is decidedly in advance of the maxillary foramen.** 

As the shape and the state af o<tsilication of the median and distal puts 
of the rostrum are known to vary greatly with age and sex, they do not 
possess any taxonomic value This was recognized only after a considerable 
number of fossil representatives of Mesopiodon had been described. The 
published descriptions and hgures of most of these fossils do not indicate 
any differences in essential specific features, ^ffcrences previously 
considered as specific and even generic are almost exclusively those 
distinguishing Recent individuals of different sex or age. 

At the present time nut more than one fossil species of Mesoplodon 
can be definitely recognized and characterized. This was first stated by 
Abel (1905, p. Ill) who. after examining 18 fossil specimens of A4ffsoplodon 
from Antwerp, came to the following conclusion:— 

11 nr pout ^ubMbter dc dutitr que toutes Ics differences qui existent entre Ici roitres 
de Misoplodontes fosbiles connus jusqu'4 pr^ent, ne sumsent pas pour fonder de 
nouvclles espies, a plus forte raison diffbrents genres. La forme et les differences 
de grandeur, ainsi que to degr^ d'ossification du vomer varient extremcment; on tenit 
oblige, rn p^iuai^nt la minutic aussi loin que R. Owen, du Bus et Capellini, dc diatinguer, 
dans 1c Bolderien d’Aiivcrs, nun moinb de 15 a 18 espies." 

Aliel placed not less than 25 species, described under six generic names, 
in the synonymy of M. hnpirostns, but only about 15 of these are based 
on material which is comparable with the ^pe. Kellogg (1928, p. 61) has 
pointed out that the numlier of Recent species of Mesop/odon nmkes it likely 
that several species of this genus existed contemixiraneouiily in late Tertiary 
time. Thib probability, however, does not justify the use of specific names 
based entirely on characters which are known to be variable within ^e 
limits of Recent species. 

Mfsopi-oixjn LONt.iRosTRis (Cuvier), 1923 

(Plate 1, Text fig 1) 

1823—ZipAfiu /onciroifrti Cuvier, O'isemcnis fo9Mle% p. 356, pi. 27, figs. 9, 10. 

1851—AfeWfodw ionguos/rr (Cuvier): Dmemoy, Ann. Sci. Nat, Zool, ser, 3, vol. 15, 
p. 60, pi, fig 5 (holotypc re-figured). 

1852.— brccanii Goriais, Zool. Pul. Franc, vol 2, p. 38 (not seen). 

1856.-— /oHoirostni Cuvier. Owen, Quart J Geol. Soc, vol 12, p. 288, fig. 24 

l864.—ffciemHOMphiuj compussus Huxley, Quart. J. Geol. Soc, vol. 20, p. 393, pi. 19, 
figs A-D. 

i^—ffrlrniwsiphiM rerun us Pu Bus, Bull Acad, Roy. Belg, sir 2, vol. 25, p 630 
1870—ZipArW tougirosiris Cuvier. Owen, Palaeont. Soc., vol. 23, pp 6, 7. 
ISTn^Ziphius fftbbus Owen, ibid, p 17, pi. 2, fig. 2, pi 3, fig. 3. 
iSTO—ZipMiuj auffustuj Owen, ibid, p. 19, pi. 3, figs 1, 2. 

1870.— Ziphius auffuiafus Owen, ibid, p. 20. pi. 4, figs. 1, 2. 

1870— mediltneatus Owen, ibid., p 22, fig. 10, pi, 4, fig. 3 
1870—/«iuiVw/rw Owen, ibid., p. 24, pi. S, figs. 1, 2. 

JSTO.—Ziphiuj campTfssus Owen, ibid,, p 25, pi. 5, fig. 3. 

M876.— prorops 1 eidy, Proc Acad. Nat, Sci Philadelf^ia (1876), p. 81. 

^ 1877 ^Dioptodon prorops Leidy, J. Acad. Nat. Sci, Philadelphia, vol. 8, ser. 2, p. 221 
pi. 30, fig^ 3, 4 
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VSfS^DModon ^mp^tirts (Cntiv) : Capdttnit Hem. Rq^. Acad. ScL Bologniu 
KF* 4k vol. 6r p. 394k ^ 1*3. 

ld85^-^2>«9piMM gtifim (Owen); Capdlmi, ibid., p. 295, pi. 1, figs. 4^5. 

1985—iXd^fr’don mediHneafiu (Owen): Capellini, lUd., p. 298, pi. 1, fig. 12. 
}9BBJ^Dio^^hdoH tenuirostru (Owa) : Capellini, ibid., p 296^ pi* 1, figs 6-8 
1885.—Z>j 0 /v/rdoH bononUnsij Capellini, Ibid., p. 296, pi 1, figs. 9-11. 
l98S.—^Piophdim stnensis Capellini, ibid., p. 298, pi 1, figs. 13-18. 

18^^Z>ip^/odoM tawl 0 y% Capellini, ibid, p 299, pi 1, figs. 17, 18 

1887 .—Diobtodon hm/irostrij (Cuvier); Lydekker, C^tal foss. Mammals Brit Ma.. 
vol. 5, p. 6fl figs. 13, 14. 

IPSO^MfiOphJon fioris Newton, Quart. J. Geol. Soc, vol 40, p. 448, pi. 18, fig 7. 

1891 ^Metapiodon longirostrit (Cuvier) * Newton, Vetebr. Plioc. Hep. Britain (Mew. 
(^1 Survey), p. 8, fig. 7? 

1891—Mesoyloi/rn ttnuirostns (Owni. ptb6f4s (Owen), onnur/uj (Owen), onpufutur 
(0^ven), contprrs^u\ fHuxley) Newton, ibid, p 73 

1P91 —Mesothdop flons Newton, ibid, o 7t 
p. .371, pi 1, fig« 2 6 

1K91 —puiptodon farnesmae CaiKllttii. Mem. R. Accad Sci Hologna, ser. 5, vol 1, 
^1891 —Piollodflfi tenutrostnx fOwen) Capelbni, ibid, p. 371, p] 1, fig. 7 (very small 
fra^ent, tndet.) 

iOO$—MrsoplndoH hHgirosirts (Cuvier): Abel, Mim. Mus. Roy. Hist. Nat Belg.« 
vol 3, p. 110. 

1917— cowprcssvs (Huxley). Chapman, Proc. Roy. Soc. Vic., vol 3(1 
us, p 35* pi 4, figs M; pi 5, figs. 7-11. 

Diagnosis. Robtrutn lon^, narrow, and pointed, resembling in shape that 
of the living M. grayi, sli^tly inflated in its proximal half, strongly 
comprc.ssed laterally, oval in cross section I-ength variable Mcsorustral 
ossification well developed, in young specimens only in the distal portion of 
the rostrum, in adult individuals filling the entire length of the space between 
the prema.xillaries and finally fused with the mesethmoid. Alveolar 
(basiroslral) groove developed as a fairly deep furrow with sharp edges along 
the flank of the rostrum. Premaxillary and maxillary foramina situated 
(as in M. hidcus and M, ntirus) approximately on the same transversal line, 
not far Ikjhind the “ inner notch.*’ The premaxillary foramina are slightly 
smaller than the maxillary foramina The nvaxillary ridges are weak. The 
area of attJichment of the palatines ends in a single anterior point The 
posterior ventral part of the rostrum forms a triangular downward 
projection most of which was appaiently covered by the pterygoids. 

Distribution of Mewplodon longirotriu 

Vlt lORIA 

The new specimen was found in a shaft in allotment 31, Parish of 
Col(|uhoun, County of Tainbo, Gippsland, less than 1 mile north-east of 
r^kes Entrance, 6-7 feet below the present surface and at an elevation of 
RlK>ut 80 feet alx)ve sea level It was resting on the surface of a calcareous 
l>c<l considered as the top of the Kalimnan (Pliocene) which is in this 
vicinity about 160-170 feet thick (Singleton 1941, Crespin 1943). The 
specimen was evidently weathered out of late Kalimnan beds more or less 
ill situ and, subsequently, with some of the hardened fossilifcrous matrix 
still adhering to it, embedded in non-marine post-Kalimnan (Upper Pliocene 
or Pleistocene) days which in this area overlie disconformably the Kalimnan 
strata. 

108M/46.-8 
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Chapman’s spedmen came from Granga Burn in Wastaiti Vktc^riai ’ 
where “the typically Kalifuian beds of MacDot^d’s and Fortyth*! ate 
separated from the underlying Balcombian l^a thin nodule bed marking a 
stratigraphic break" (Singleton 194X, p. /8).^ The appearance of the 
spedmen shows dearly that it was taken from Ais nodule bed. The age of 
Chapman's specimen is ^licved to be early Kalimnan (Pliocene). 

Belgium 

The locality of the holotype of if, lonj^ortHj is unknown, but Abel 
(1905, p. 110) assumed that jt came from Antwerp. According to this 
author, the eighteen specimens of this spedes from Antwetp examined by 
him came from the “ Boldcnen" It jwpears that Abel followed the 
stratigraphic classiheation of the Antwerp Tertiary proposed by van Ertbom 
who distinguished only two formations, the Boldcrien (Miocene) and the 
Dicstien (Pliocene) lAtcr authors divided the Miocene of Belgium into 
the older Bolderien and the younger Anversien, representing, respectively, 
the Helvetian (Middle Miocene) and the Tortonian-Sarmatian (Upper 
Miocene). The presence of equivalents of the next younger stage, the 
Pontian, in this basin is uncertain A stratigraphic break separates the 
Anver Sian from the Diestian (Pliocene). 

Remains of fossil whales are known from several zones within the 
Anversian and Diestian The actual horizons of occurrence of many of these 
fossils have not been reliably recorded There is, however, little doubt that 
at least some of the specimens of M. longirostris came from the typical grey 
sands of the Anversian. Abel referred all of them speafically to the Upper 
Miocene (pre-Diestian). Kellogg (1928, p. 764) listed the Ziphiidae of 
Antwerp as “ Sarmatian” (lower part of Upper Miocene). 

Crag of East Anglia 

Six of the specimens described by Owen under as many different 
specific names have since been placed in the synonymy of M longtrostns, 
together with another specimen later described by Newton All these came 
from the “Nodule bed" at the base of the Red Crag (Newton 1891, 
pp. 72-74). Prcstwich referred to a Belemnogiphtus" from the Nodule 
bed at the base of the Coralline Crag. The age of these fossils does not 
appear to have been defined as dearly in recent publications as in Owen's 
work, where it is stated that “the rolled and fragmentary Cetacean remains 
belong to a d^sit older than these which, by their testacean fossils, may 
be truly or strictly defined as ‘ Red Crag ’: t)hat the older deposit in question 
—more or less destroyed apd broken up in Suffolk—answers in time, to 
the better known Belgian ' Sable noir ’ of the ’ Systteie Diestien ’ of Nyst 
and von Koenen" (Owen 1870, p 2). The only correction to be made in 
this statement is due to a change in stratigraphic classification in Belgium, 
where the ' Sable noir * is now classed as Anversian. Newton (1891, p. 3) 
also considers these Crag fossils as “remanifi", derived from beds older 
than the “ older Pliocene " Lenham beds, but finding the evidence for their 
Miocene age insufficient, he refers them to an early Pliocene stage In 
view of the ge^ly accepted Plaisancian (Lower Pliocene) agTof the 
Lenham beds, this can be only the Pontian. As far as the Cetaceans are 
concen^ it is difficult to see what objections can be raised against Owen’s 

ilScrlST ««« of th« tpectn^ from the^ 
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Asax^EY Riveb Pboephatk Beds op South Carolina 

Ahhoufi^ the suggested synonm^ of some of the Cetacean remauis frohi 
these phosphate beds with Mesoplodon longirostns is uncertain there seMs 
to be among them at least one specimen ( Dtoplodon proropK Leidy) 
dose enough to Cuvier s species to justify a brief btatement on its age The 
vertebrate bearing phosphate rock named Edisto marl m earlier publications 
IS now considered as residual Hawthorn foimation (Cooke 1936 p 114) 
G M Allen (1926 p 447) found that most of the rtmatns of terrestrial 
mammals from the pno^^phite beds btlong U Pleistocene species while most 
of the marine species arc of an equally Miocene facies The Hawthorn 
formation from which the phomhate rock was derived is correlated with 
the lower part of the Alum Bluft group of 1 lunda (Burdigalian) but may 
also include higher members of this G^oup (equivalents f Helvetian and 
Tortonian) Kellogg (1928’! places the Ziphiidae fiom South Carolina in 
the Sannat an O P Ilay (Second Biblugraphy of Fossil Vertebrates of 
North America Carnegie Tnst Piihl No 390 1930) refers them to the 
Upper Miocene 

PlIOCENF of liALY 

Remains of Ziphnd whales closely resembling Mesoplodon longtro^ins 
and probably correctly identified with this species by Abel have been 
described from a number of localities in the Pliocene of Italy Some of 
them arc in the ncrlh eastern foothills ot the Apennines and thers near 
Rome (Middle Pliocene) 


DeBCxiptlon of Maaoplodm longiroatna from Victoria 

The well preserved specimen from Grange Bum i^as described in some 
detail and measured by 1 Chapman (1917) A few additional observations 
arc here recorded The surface of Ac bone which is stained daik br)wn 
IS worn smooth 1 ut the differences between the original surface the areas 
of other bones which are lost and the later fractures can be recognized In 
pits and furrows some soft whitish rock matrix is preserved and small 
oystei sheila adhere in some places to the bone The maxillanes extend 
about 25 nun laterally from each of the maxillary foranuna The ventraDy 
projecting basal portions of the maxillanes are broken otf A rougher 
surface extends ventrn laterally over more than half the length of the 
rostrum About 65 mm from the posterior tip of Ae vomer on the ventral 
surface of the rostnim this rougher area widens out m median direction to 
form A distinct area of attachment for Ae palatines ending in a single 
anterior point on either side The premaxillary and mavillary foramina 
are perfectly preserved 

The object desenbed by Chapman (1907 p 38) as a maxillary tooth 
was removed from Ae matrix and caicfully examined Although it resembled 
a tooA m its peculiar bluntly conical shape it was found when sectioned to 
be a concretion wiAout any trace of organic structure Dr F L Stillwell 
who kindly examined the object found Aat it consisted almost entirely of 
limonite 

Th6 new apeamen from Lakes Entrance is a cranial rostrum preserved 
from Ae area of Ae maxillary foramina to a bluntly rounded anterior end 
ilw lengA of Ae missing distal part to the tip of the rostrum can be 
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estimated at between 150 and 250 mm. The foramina were filled witb 
ferniginoiM matrix, but only the left premaxillary foramen is completely 
preeerv^. The lateral extensions of the tnaxillaries are incomplete, 
particularly un the left side, and the maxillary crests are lost. A coating of 
ferruginous matrix on the original surface of the bone is visible in the 
prf;-orbital region and on a small p^jition of the antero-ventral part of the 
rostrum. The fossil is deqdv weathered and fissured, the fissures being 
jiartly filled witli calcareous matrix. Subsequent weathering of this inatrix 
lias widened the fissures It appears that the fossil was originally buried in 
the Kalimnan calcareous deposit in a slightly broken, cracked, and weathered 
condition. The sediment iienelrated the deep cracks of the bone, while on 
its surface a ferruginous coating was formed in which niolhiscan fragments 
have liccn preserved. T,ater. the fossil weathered out of the Kalimnan 
rock anil was subjected to erosion on the surface before being embedded in 
the yellow clay of post-Kalimnan age I-ittle damage was done in the process 
of removing it from this sediment, fresh fractures being confined to the right 
postenor Hde of the maxillary region and the left side of the anterior part of 
the rostrum. In the course of the present investigation, a transverse slice 
aliout 15 nini thick wa^ tut from the specimen, about 340 nim from its 
pre.sent tiroximal end 

Owing tn the deq) weathering of the new sjjocinien, little can he added 
to whal is aheady known of the morphology of the rostnini in ^fe^o|ilodon 
On the dorsal surface the distal spur of the mesethmoid can 
lie vaguely distinguished From this jjoint a dark median line (an infilled 
sulcus) extends a short distance along the surface of the rostrum. It 
corresponds to the median furmw which was erroneously considered as an 
C5S(*ntial spccifit character of Af. lo%tgirosins, but is not consistently 
dtvelojied m any of the kinnvn species of the genus The median proximal 
|Kin of the ventral surface is exceptionally well prscrved in the new rostrum 
This is the first s|x?cimen to show the peculiar triangular crest or keel 
descending vent rail \ between the attachment aicas of the pterygoids. 
Published figures indicate that in most or all Recent species of Mcsoplodon 
tlio rostnini is not nearly as deep in this region, its <leepcst part being 
normally the tip of the vomer which in ventral views of some skulls can be 
seen lK*tween the tips the pterygoids lii M huqtrosirxs the postero- 
venlial side uf the rostrum is formed l)y two laminae, diverging proximally 
anti enclosing at their base the main body of the vomer. Some space 
l>eiween the vomer above and the two laminae below is filled with rock 
matrix in lioth Victorian .specimens, but in the (grange Bum specimen the 
projecting ventral part of the laminae is broken off. 

Comparisons of measurements and proportions of the two Victorian 
rostra suggest that the size of the new bi^ecimen exceeded that of Giapman’s 
fossil by about one-half. The preserved part of the rostrum is about 
450 mm. long, and its original total length can l)e estimated at about 
CW-700 mm., corresponding to a skull not less than 3 feet in length The 
convex dorsal outline and the almost complete preservation of the projecting 
ventral crest produce the impression of great relative height of the new 
rostrum. The maximum height in the present state of preservation is 
147 mm., the width immediately in front of the inner notch'’ h about 
80 nun. The greatest width of the mesorosiral Imnd is 36 (22) mm., the 
approximate distance l)etween the centres of the premaxillary foramina is 
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60 (38) mtn., that between the centres of the maxillary foramina is 
175*130 (85) mm, [Figures in parentheses indicate corresponding 
measurements in Chapman's specimen.] 



Fio 1 ioHffirostnt (Ciivirr) TranBvtr»e wciiMii of the roHtnnn from I,4krt hntrance. 

VictOHR Outline partly rentore^. 2/1 rut Birr 


The transverse section is oval in outline, not unlike those given by 
Huxley, Owen, and Chapman for M. compressus and by Forbes for 
M, grayi (Forlies 1893, pi. 13, fig. 3; pi 14, fig. 5). The hones are dense 
and resemble ivory. Very few larger pores or canals arc visildc on the 
polished surface of the cut or in thin sections, but a high porosity liecfinies 
evident tlirough capillary action when the specimen is welled. Three fairly 
regular geiUly curved ligh^-coloured bands, about 1 mm. wule. correspond to 
the matrix-filled cracks on the surface of the specimen. Larger longitudinal 
canals, circular in section, arc found where vertical and horizontal fissures 
join. Their arrangement is due partly to the regular spacing of the canals 
which form zones of weakness, and partly to the internal structure of the 
Iwne. No definite sutures are visible in section, the components of the 
rnfitrum l)eing completely fused. Only a very faint discontinuity in the finer 
structure of the Ijone appears to indicate part of the outline of the vomer. 


Notes on the Development of the Bostrum in Meaoplodon 

The peculiar features of the rostrum in beaked whales (Mesopiodon, 
Ztphtus, Chonesnphtus) have been extensively discussed and variously 
interpreted by a numlier of authors. Zoologists (Forbes, Fraser, Harmer) 
investigated the development of the bones in the rostrum, and in particular 
the comparative anatomy of the mesorostral ossification. Palaeontologists 
discussed its functional si^ificance. Abel, in his '' Palacobiolo^y of the 
Vertebrates'' (1912) described the ziphiid rostrum as strongly ossified to an 
ivory-like or porcelhmcous mass of bone, with its elements completely fused 
in adult individuals. In several fossil specimens he found traces of injuries 
which must have occurred during the life of the individual. He explained 
^ moipbological features of the rostrum as adaptations consequent ui^n 
its use aa a weiqion in fights among adult male beaked whales. Injuries^ 
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however, are known to occur also in other parts of the body in Cetaceans 
without inducing adaptive reactions. Even if the Lamarckian view un(ler>* 
lying Abel's hypothesis is acceptedp it is hardly possible to r^rd injuriies 
to a bony structure as bufiicient evidence of its use as an offensive weapon. 

A different explanation was suggested when results of modem 
experimental pathology were taken into consideration. It was found that 
a pathological modiHcation of the bone structure to ivory-like densi^ 
(osteosclerosis), which is frequently accompanied by a general increase in 
thickness of bones (pachyostosis), corresponds closely to peculiar characters 
olracrved in parts of the skeleton ot certain fossil Mesosauria. Lacertilia, 
Ophtdia. Sirenia, and Cetacea.* F. Nopcsa*s pioneer studies in vertebrate 
palaeo-phyMology (1923) and their furtner development (Sickenberg 1931) 




phylogeny of some marine vertebrates was accompanied peculiarities in the 
development of their skeleton, among which [^achyostosis and osteosclerosis 
are particularly interesting. They are tentatively attributed to the same 
causes as the analogous pathological effects, i.e.. to reduced thyroid and 
increased pituitary gland function (hormone secretion). A reduction of 
oxygen intake and an increase of iodine in the iood of originally terrestrial 
animats becoming adapted to marine life have been suggested as environ¬ 
mental influences likely to cause this type of modification in the skeleton 
(Sickenberg 1931). Where phylogenetic lineages can be followed, as in the 
family Haheoridae, a rapid develoiimciit of pachyostosis and osteosclerasia 
of parts of the skeleton in the course of evolution is found, followed liy 
gradual decrea.se. 

Slijper, in his monumental work on the comparative anatomy of the 
whales (1936, p. 47S), regards osteosclerosis of the ziphiid rostrum as a 
normal ** functional adaptation." He admits, however, that it could he inter¬ 
preted alternatively as an “ arrostic " phenomenon affecting certain species, 
lie re-defincs this term, which was first proposed by Nopesa, to apply to 
such anatomical or histological phenomena a.s are caused by an 
unfavourable" adaptation of the metabolism to new environmental 
conditions (Slijper, l.c.p. 469; sec also O. Abel, Vcrfehlte Anpassungen 
bci fossilen Wirbeltieren," Zooi Jahrb., Suppl.-Bd. 15, vol. 1, 19lZ, p 5^). 

In a study of the relation between giantism and the development of the 
pituitary body of the brain as observed in internal casts of fossil skulls and 
in living animals, T. Edinger (1942) refers to osteosclerosis in whales as one 
of the bone changes accompanying phylogenetic hyperpituitary giantism. 
The author states that this relation cannot be interpreted in Lamarckian 
terms as an adaptive reaction, as the occurrence of gianti.sm is independent 
of the type of environment and is accompanied by a variety of apparently 
unrelated changes in bone structure in different t 3 rpes of vertebrates. 

The species Mesoplodon longirostris has not attracted much attention 
in the discussion of the important problem of physiological influences on the 
evpluribn of the skeleton in marine vertebrates. This *is not surprising as 
thih is kii^wn mainly uoni iragmciuary or liadiy worn rcsLia. * Most 

of them have been redeposited from older strata, or carried from the open 
sea to littoral ^ones of deposition. It is clear that such circumstances would 
favour the fossilization of strong and heavily ossified bones and would 
ttod to preserve selectively the most strongly osteosclerotic rostra. Never¬ 
theless, there arc reasons to believe that Siis alone docs not satisfactorily 
account for the difference in ossificatiem which the available descriptions of 
fossil and Recent skulls of Mesoplodon appear to indicate. Some of the 
Recent skulls have been found loose on beaches, preserved in similar 
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cifdSimtttficeB u the fosril ipedmens, while others are larger and bdong to 
fuQy-grown indhridoals, but are not as strongly ossified as some of iiit foatS 
rostra. It is^ therefore* soggested that osteosclerosis and possibly also 
pachyottosis of the rostrum are more strongly developed in the exdact 
if. ht^ottris than in the living representatives of the genus. This 
sufi^tion requires confirmation by means of detailed comparative studies, 
which should lead^ to interesHng conclusions in view of the stratigraphic and 
phylogenetic relations of diis fossil species to a number of others standing 
between the primitive s^ualodontids of the Oligocene and the ziphiids. The 
fact that the new spedmen was found almost in situ and in a much less 
water-worn condition than most of the previously known rostra justifies the 
expectation that more complete remains of this species will be found in the 
Kalitnnan. 
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Avt IV —Some I eaturcs of the Coastline I etuecu I ort Tfltrv and 
Peterborough Vtctona 

By E D GUL BA BD 
[Read 14th June 1945 ] 

Abstraot 

Three typcB rf coaitUnc (mobile dune consolidate 1 dunt limestone and Miocene 
marine limestone) are described with comment on the ge logical succession Further 
evidence of a relative eustatic fall in st\ level of the order f 15 feet is adduced 
pTidences of both Iner i 1 wtltcr thniates have b<.m found 

Physiography 

The coastline to be described may be divided into three sections 
according to the dominant geological structure viz — 

Mobile Dune Coast fn m Port Fairy to Warm'iinliool 
Consolioated Dune Lnicstonc Coast from Winnimbuol to 
Childers Cove 

Miocene Marine Limest ne fnm C^ildi.is Cove t) FtttThorough 
Mobile Dunc Coasi 

Bordering the coast from Port Fairy to appre ’^imately the b< undary of 
the City of Warrnambool are mobile dunes wliicb consist (f calcareous 
sand similar to the consolidated dune material i n whith they rest and whuh 
IS exposed at many places in the vicinity (Mihcny 1917 Gill 194'^) 
Behind the mobile dunes are extensive tnarbhts f( rmed by their damming 
the diaiingc m srmc of ihest ire feunJ nnriiu shells pr ving former 
SCI encroachment The dunes have ciused the f irmation of Belfast I ough 
ind have diverted the Mem River so that 6 miles of its course is roughly 
parallel to and close to the shore line Parish plans in this 'iiei show nuny 
streams ending short of the coast at this fringe cf ccastal dunes (whether 
mobile or fixed) Dunes formerly mobile lut now anchored by marram 
grass occur along the beach in lady Bay (Warrnanil d Ba}) and resting 
tn the consolidated dune limestone within the boundaries of the CJty of 
Warrnambool I rom lady Bay to a punt 2J miles east of the Hopkms 
River the mobile dunes also resting on consolidated dune limestone form 
the ccastal fringe Where the mobile dunes end and the cliffs composed 
wholly of dune limestone begin there is a patch about 6 feet thick of 
consolidated bedded tuff that has lieen ejceted from the Tower Hill volcano 
to the west north west This deposit is prolably an accumulation in a 
swale now parhally eroded by wave attack 

Consolidated Dune LiwEsroNh Coasi 

Pleistocene dune limestone is exposed in cliffs typical 1) 60 feet to 100 feel 
high but in places as much as 200 feet that have been formed I)y wave 
action (Plate II fig 3) In the vicinity of Thunder I unt (hg 1) these 
cliffs occur for a short distance but from 2^ miles eist of the Hopkins 
River almost to Childers Cove they are continuous 1 he only rock exposed 
is dune limestone except that Miocene manne limestone is present at the 
base of the cliffs east of section 15a Parish of Mepunga ihis stretch of 
coast follows generally the trend of a partially denuded swale passing to the 
ca8t-8outI^east the slope of the dune surface being towards the sea until 
the coastline cuts diagonally across the axis of the dune after which the 
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slope IS landwards Three soil layers are generally present and except 
where they have been indurated by secondary deposition these soil layers 
have an important effect on the erosion of the cliffs They are readily 
disintegrated by wind and water and so hasten the breaking down of the 
cliff face 

At Warmarabool there arc some five lines nf dunes while between the 
Hopkins River and Lake Gillear there appear to be only two lines but these 
ure very high trom that point eastwards there is only one line of dunes 
Wo fossils were found m the dune limestone along the coastal secti m exc^ 
on a small headland less than 100 yirds west of Gii mo Cave (fig 1) The 
Ielationships of the rocks concerned are shown in fig 2 The fossihferous 
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<.dlcireous i ed shown in the fi^re is alxmt 10 feet thick and itb 1 ase is 
loughly 5 fett above high tide levtl It re ts n the Miocene iinrine’lime 
Slone and is covered I y a fossiliftrous soil layei which in turn is c verc I by 
to to 70 feet of dune limestone m the cliff face Ihe 10 ft lied consists uE 
calcareous sand mixed with siliceous grit Wumerous marine shells <x:tur 
n this bed including cf Turbo (Subnwella) undulatus (Martyn 1784) 
and cf l^cothaxs textxlxosa (Lamarth 1822) Flicse determinations were 
kindly made liy Dr F A Singleton Ihc sand gravel and fossils are firmly 
cemente 1 by sccondaiy caluum carbonate In places numerous flat pebbles 
>f dune rock—typical beach pebbles—arc found in the bed which is vei> 
localized 

The indurated soil layer ab )ve this fossilifert us bed contains numerous 
land shells and also a number of marine shells and bryozoan zuana many 
)f which are also preserved as casts and moulds The unusual mixture of 
land and marine fossils in th s bed may be explained as a beach or sea floor 
which has I ecome a land surface and later covere 1 by dune sand 

The inclusion of flat |>ebbles of dune binestoiie in the ft ssilifcious l>ed 
indicates that there were prcbably eaiher dunes to seaward of the picsent 
ones The authors earlier paper (1943) described how the dune n ck exists 
below the present sea lev< 1 in the Warmambool district 


MroctNF Mvkine Limfstonf Coast 

This type of coast from 1 cterborough eastwards to Ftbble Point has 
been descril^d by Baker (1943 1944) Fr m Childers (ove to Peter 
borough It IS characterized by vertical cliffs of fairly homogeneous ye low 
marine limestone with a dune hmestene cover Ihc Iiedding of the marine 
limestone is generally honzintal but at the eastern end of Three Mile 
Beach (Plate II, fig 1) it dips 4 degrees west Fossils are common but 
poorly preserved, except for some of the more robust forms Loventa 
forbest (T Woods) Vttrupa (nussed m distinctive bands) and a small 
brachiop^ are common 
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The homoffcncoits character of the limestone results in more even 
erosion of the cliffs than is seen at Port Campbell^ where clays and liinestooes 
o(xtir. From Childers Cove to Peterborough the sides of the roc|c stacks and 
cliff faces are almost vertical, slight projections resulting where more 
resistant liands occur. Along the dune limestone coaht from Warmaknbool 
to Childerti Cove, apart from the general disintegration of the cliff face, 
erosion is accompanied by the breaking off of huge irregular blocks of rock, 
Hhereas along the marine limestone coast east of Childers Cove high vertical 
columns of horizontally-bedded strata break away. The difference is due, 
ill the first case, to soil layers in the dune limestone, disconformities due to 
the l)uilding of other dunes on a plariated surface formed on older dunes, 
and to cross-bedding; in the second case, to the general horizontality of the 
bedding and vertical jointing. Fissures (up to 6 feet across) are common 
along the tojis of tlie cliffs in lK>th types of coast; some arc obviously old, 
temporary equilibrium of the stresses operating on the cliff face having been 
estanltsb^. These fissures have assisted in me formation of caves, which 
are of fairly frequent occurrence. Thei»e latter have l)ccn formed by solution 
along the fissures, and by mechanical action where they have been exposed 
to wave attack. The inlets along the marine limestone coast are nearly 
always rectangular in outline with pocket beaches at their landward ends. 
This characteristic is due to erosion along major joint planes, wftiich results 
also in the parallel orientation of rock stacks and islands with tlic sides of 
the inlets (cf. Baker, 1943). 

Qeologloa] Suooesslon 

MAR>Ng LlMfaSTONR AND DUNE LlMESTUNE 

Usually there is a well-defined soil layer between these two formations, 
I'he dune limestone immediately aljove the soil layer is often coarser than 
tliat higher up in the dune 'fhe gentle undulating character of the soil 
layer at the surface of contact indicates that the old land surface was 
as physiographically mature as the present surface of the Miocene limestone 
iurther inland. At Broken Bay crystalline calcite up to 3 inches thick occurs 
in crevices of the dune limestone near its Ijase. 

Marine Limestone and Sands 

In the Parishes of Mepunga, Nullawarre, and Nirranda (fig. 1), there 
arc large quantities of fine-grained siliceous sand, which in the field 
occurrence look bluish. This sand is evcn-gramed, unlike the sub-hasaltic 
deposits at Warrnambool which often have coarse gravel in them and, still 
more frequently, clay. On macroscopic examination the bluish sands appear 
to consist entirely of silica, whereas the Warrnamhool sub-basaltic depcxsitfl 
have large quantities of granitic felspar present. The sand area supports a 
characteristic plant as.scmblage known locally as “ The Heath Patch.*’ The 
sand 13 generally in the form of low dunes (now fixed by vegetation), this 
being especially the case in the vicinity of the coast. Well-Defined dunes 
about 25 feet high occur near the trigonometrical station shown in fig. 1. 
llic sands arc comparable in many ways witli tliose of the dunes of the 
Brighton-Frank St on area descrihed by Whincup (1944). 

The btratigraphical position of these sands is shown in a cliff section on 
the east side of Stanhope Bay (fig. 3), where a thickness of about 20 feet 
of them is interlicdded between marine limestone and the dune limestone. 
The sands are probably a residue from the denudation of the Miocene land 
surface. If the dune limestone is Pleistocene, then they arc perhaps 
Pliocene in age. However, the sands on the open plain behind the dune rock 
(where they have not been covered and preserved by later rocks) may be 
Pliocene to Holocene in age. 
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BvldenoM of CUiango of Sea-level 

Muoh of the evidence for changes of sea-level requires further critical 
study and correlation, but there are clear indications of a relative custatic 
fall in sca-level of the order of 15 feet. Evidence of thib has been cited 
by Coulson (1940), Edwards (1941), Baker (1944, p. 79), and tlie writer 
(Gill, 1943). Further evidence is to be seen in some ot the beach formations 
along tiie Miocene marine limestone coast. At Flat Rock (on the coast 
south of the west border of section 50a, Parish of Nirranda), there is a 
long and well-deBned beach ridge (Plate 11., fig. 1); another can 1)e seen on 
Bumie’s Beach. Typical high marine limestone cliffs, obviously formed by 
the action of the sea, and with sea caves at intervals along the coast, are now 
never reached by the sea. 'Die coast here is straight and open Between 
these old sea cliffs and the present strand line is a wide sand Hat with a 
beach ridge on its seaward edge. 

At the cast end of Three Mile Beach tliere is an old shore platfonn 
12 to 13 feet above the present shore platform J'late II , fig 2, is a frontal 
view taken from the present shore platform at low tide This platform and 
the old one arc in homogeneous Miocene marine limestone 'Die old platform 
is covered with vegetated talus cxcciit at the edge, where it is swept by 
storm waves The east end of the Three Mile Beach sections the shore 
platform, and shows Ixiulclers and some shells on its surface. 

Shell beds, like those at Warriiambool, have liccii recently mapped at 
Port I'airy, about 17 miles further west They are extensive, and the 
uumerous shells in them aie in such a condition as to indicate that they were 
laid down in quiet waters. 

Volcanic Julia Percy Jslanu lies the coast in this aiea. A wavc-cut 
platform about IS feet alxive ilu* present sca-levcl has been dcscribeil by 
the McCoy Society's Expedition theie (1937). 

Around the coast of Australia theie are many indubitable evidences of 
change of sea-level. Professor Richards (IQ^9) has siunmari/cd tliese for 
I'astcni Australia. 


Cllmatologioal Inferenoes 

'Die Iduc qimrtzose sands which constitute ancient dunes along the 
coast behind the high lithified caUaromis dunes must have been formed at 
.1 time of more arid climate than the present, for they are now covered with 
a well-defined soil layer and strong vegetative cover. The rainfall at that 
lime was too low to cause enough grow'th to anclior the sand, and so it 
blew up into dunes; but the rainfall is now sufiicient to support a forest 
The sands are not simply coastal dunes, but stretch inland for some miles 
Hubl>ard and Wilder (1930), in diseiissing the validity of the indicators of 
ancient climates, remark, “ Wind-blown sand usually suggests a region that 
IS or has been arid” Hills (1940) suggests that the sand ridges of the 
Moorabbin-Highett district were formed during periods of relative aridity. 

There are present also in the area under discussion, evidences of a 
relatively wetter climate. The jmrish plans show swampy areas across most 
of the plain I>etween A Hansford and Peterborough, but a lar^ niiinlxir of 
these have now liccn drained or have naturally dried out. Sfiine Western 
District lakes have dried up within living memory. Apparently, at one time 
there was a chain of swamps and small lakes across this country, and in 
many of these beds of peat were formed. There are a large numlier of 
deposits of peat in the district (e.g., in sections 32c, 47, 48, S)a, Parish of 
Nirranda), that at Rrucknell (Herman. 1913) being the best known. A 
windmill bore on section 50a, Parish of Nirranda), near Flat Rock, passed 
through 8 feet of peat and 7 feet of clay before reaching the Miocene 
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tnanne limestone of the bedrock Fergunon (li^) maps peat m the Port 
Faity area These deposits suggest tm wetter conditions than at preaent 
prevailed in the past In discussing peat as a climatic indicator, Giles 
(1938) names ‘ abundant (though not excessive) and well distributed 
rainfall" as one of the conditions favourable to the formation of peatr 
However he quotes areas of relatively small rainfall where considerable 
dcpositb of peat occur (p 408) and appears to infer that the deposits were 
laid down under climatic conditions tne same as the present ^e recent 
large climatic changes associated with the Ice Age need to be kept in mind 
Thus it appears that in the area dealt with in this paper the climate 
has been both drier and wetter than it is now 
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Aht V— /In AuitrcUtan Record of the Foramimferal ( enus Hantkcnim 

BV W J PARR 
[Read 12tb July 1945 ] 

The forammiferal genus Hanlhcnnta has n t h ihcrt been rcLordcd 
From Australia and m view of its proved value is an index fus li in other 
parts of the world its discovery m the Cape Otway district of Victoria in 
deposits the age of which has been uncertain is of special impurtante 

The presence of Hanlkemna in the reitwiy cf Austrilia was first 
recogmzed in December 1944 w'hen the wnltr found port n f i lest in a 
sample of glauconitic clay from the Browns Creek ccastal section 8^ miles 
norm west of Cape Otway This material had been c llected ly Dr h A 
Singleton of the Geology Department of the University c f Mclb )ume 
during the course of field work upon which he has been engaged in the 
district over a number of years Subbequcntly the wliter in c nipany with 
Dr Singleton and his sons Messrs O I and P D Singleton visited the 
area and collected material from which more linn 30 examples of Hanikentna 
have been oltamed Fight of these specimens were from the Browns 
Creek locality and the icmaindcr are fiom Hamilton Creek about 6 miles 
east of Brown s Creek The specimens have most of their delicate spines 
intact and arc not infilled iheir state of prcseivation leing so perfect that 
tJiere can be no doubt as to their being indigenous t the deposit in which 
they were found 

Seven (£ the specimens from Brown s Creek are from a highly 
glauconitic bed containing numerous examples of the pclecypid Noto^trea 
rhis rests on the glauconitic clay from which Dr S nglcton s specimen was 
btamed An additional example was obtaimd by the writer from the clay 
Ihe specimens from Hamilton Creek are all from the most southerly exposure 
of Tertiary on the creek where it occurs in the west bank about 400 yards 
rorth of the Great Ocean road With c ne exception the examples of 
Ilantkenina from this locality are from the glauconitic clay which as at 
Brown s Creek underlies a highly glauconitic bed with al undant Notostrea 
Ihe other s^imen is from the Notostrea bed The glauconitic clay is the 
lowest fossiliferous bed exposed at each locality the underlying beds at 
Browns Creek being covered by dune sand and those at Hamilton Creek 
being below the level of the creek 

The fonmiinifera associated with Hanlkemna at both localities are 
almost wholly perforate calcareous species very many of which are 
undcsenbed Those at Hamilton Creek include species of Sp%rople€tammina 
I enheuhna Dentaltna Nodosarta Vagtnultna Lagena Ftssunna Entosolema 
PlUpsolagena Guttuhna GlobuUna Glandultna Sigmomorphtna Guntbehna 
RulifHina Bolvuvna Angulogenna Casstdulina EUtpsonodosana Elhp^otdina 
SpfnUxna HeronaUtnta Alahamtna Fpomdes C^mdxna Notorotalta 
Ceratobulmina Roberhna Epistoimna AnomUxna (fib^c^des Chdo^tofnella 
PnUema Sphairotdtna Globtgirtna Nomontlla and Astronomon At 
Bi own's Creek all of these genera with the exception of Lniosolenta 
Elhpsolagena Ethpsouhna NotorotaUa and Sphaerotdxna also occur in 
addition to Textularta Doroihta QumqueloaUma Sptrolocultna Pyrgo 
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Ratnuhna V\rgul%na Uv\gcnna and Dtscorbx^ I he hocene form described 
by Cole (1927 p 22 pi S fig 12) under the name of ^owion mxcrus is 
also common at both localities The forammifera enable the Hantkenina 
bearing l)eds nt Rriwns (reck to be correlated with those at H'lmilton 
Creek a c ncliision which Ur Singleton has reached on other evidence 

riie foiin of Hautkenwa represented at Tfaniilton Creek and Browns 
C reck is il jsely relate<i t( // ahl iinutm Cushman from the Uppei locene 
of U S A It miy It ilcsinl»cd 'is follows — 


11 aniiims\ \i M\MI Nsis C iishni 111 sul s] t ics t ntf r s a nt v 

list phn^fspnil 111 ] rtsst 1 idiilr whe rl witli hvc i si\ modcutely 
inflated <.liiinlK.is t h is lonj^ is 1 r id fiiinislud with i long hollow 
jenphtiil split whitli is siiiiitt 1 it the fr nt cn I ot tht ihamlitr and 
jireutcd f twin! wall lititU punct ite siirfice j,i'inuhtcd n iht cirly 
thambtis liUi sin lli ij t tuic in flu icntic I the f uc of the last 
[ rnic I thmilti in tl i l. ilt t nif ii itivtlv n irr w pciiing wuUnmg at the 
i( wtr t nd wliitli i t \t i It I t i w ir I (ii i ah si )< is i n ii i w flangt 



Dimensions tf hoi type“Dianutti ^ith spines 1 mm without spines 
0 6 mm thickness 0 2 nim 

Ilohtjpe from lircwn s Cietk eollected hy the wiilcr 

This foim diflPcis from previously described Hantkemnae in the 
L >iisulerabl> gic-ittr cnnpussion t f the test and in the shape of the iperture 
Occasional c\ami)les of H (ilabain€n\i\ showing similar characters are found 
in material fiom U S ^ in which H ahhamenu^ is common but they are 
not typical of the species as it occurs there Figures are given to show the 
range of viriati n in tin \iciorian form It will be noted that some of the 
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specimens in the early stages resenible H mexicana and H longuptna in 
having the outer end of the chamber drawn out and terminating m a 
f ccntr^ly placed radial spine These two species are not known to occur 
above the lower half of the Bartonian 

The species of the H alabamensts group range through the Upper 
hotene (Bartonian) and there are records of the occurrence of several 
from the Lower Oligocene (Lattorhan) These are by Howe (1928 p 13) 
from USA Rey (1938) from Morocco and hinlay and Marwick (1940 
p 93) from New Zealand In view of this the beds in Victoria in which 
Hantkemna has been found arc either Upper Locene or Ltwer Oligocene 
in age Ihe presence of specimens of the Victorian form showing in the 
cirly stages some of the characters of H mexteana and H longtsptna 
suggests that it is of a rather more pnmitive type than H alabamensts 
With this in mind and having regard to the fact that the majority of the 
ireords of the M alabamensts group are from the Upper hocenc it appears 
piobable that the beds from which the Victoria specimens were obtained 
are Upper Eocene in age 

The writer is indebted to Dr Singleton for making available the 
material which led to the discovery of Hantkemna in the Tertiary of 
Victoria He also thanks Dr M F Glaessner for his advice 'ind helpful 
criticism m the preparation of this note 

The holotype and other figured specimens will he deposited in the 
collection of the Geology Department of the University of Melbourne 
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Aki VJ —CiafiorattoH and storage Changes tn Rttcr C atihmcnt Areas nil/i 
SpecuU Reference to the Goulburn Rwer above EMon Reservoir 

By V G ANDERSON FRIC 

[Read 12th August 1945] 

Abstraot 

Annual evaporation losses and storage changes m the nver catchment areas of 
Victoria an. di^m^scd in relation to their effects upon the composition of natural vnterh 
The nver gauging and rainfall records of the Goulhurn River catchtnent area JUid 
other typical areas were used as a basis for the investigation Precipitation u the 
only source of water in the Goulburn catchment which was selected to illustrate a 
useful method of appro-ich Underground leakage from this area is impossible The 
compoiiition of water from the Goulburn River is compared with waters from two 
adjoining areas—the Yarra River catchment which is nearer the coast and the more 
distant Murray River catchment 

Relationships between nver flow md rainfall under assumed ideal conditions are 
contrasted with actual relationships disclostd on studying the nver gaugings 'uid 
rainfall records No continuous run ofl[ is yielded by Victorian catclunent areas unless 
the annual rainfall is at least 13 inches but the threshold run fall of some rivers is 
20 inches or more River flow is dimiiiishtd by direct evaporation ind by the 
transpiration of plants Evaporation nny continue ifter wifei is absorbed in the 
grou^ but ultimately some absorbed witcr reaches the river system ifter being 
temporarily retained m the area Scascnal gains and losses of underground witer are 
always to be expccud and also thcie may be a net gam or loss oyer the whole ytu 
Water earned over from yeir to year transforms an otherwise simple problem of 
interpreting results of river data into one of considerable complexity 

As the discussion is confined to areas free from underground leakagi oI served 
discrcpai eies between nver flow and precipitation must be attributed to the combined 
effeeU of evaporation and storage changes No direct methods are available for 
measuring evaporation nor of ascertaining whether in a particular year the gauged 
flow was increased or decreased by storage changes However gams and losses can 
be eliminated by averaging long penod records in which case me m evaporation is the 
differencf. between the mean precipitation and mean discharge for the penod But the 
problem of estimatmg evaporation and storage changes m a particular year has hitherto 
remained unsolved The arguments prestnted in this paper are centred around the 
problem of eliminating from the annual gauged flow tf a river unccrtamtiLS caused b> 
the volume of water retained or released in the above mentioned manner 

Ihe data for the Goulhurn area consists of 29 pairs of annual gaugings and 
rainfall records The period of obs<.rvatK}ns although comparatively shjrt inclodcs 
at least one complete major cycle of storage and depletion When the ungruuped data 
are statistically correlated the coefficient (r = -hO 9464) indicates strung association 
between disehm-ge and preapitatnn The relationship may be expressed by i linear 
equation Rp~0 8626P 16 31 the standird err >r f f e limitiun is 2 S7 Corresp ndin 
results for other catchment areas in Victoria ere tabulated for purposes of comparison 
Fvaporaticn and storage changes can be estimated when m addition to precipitation 
and the gauged discharge for a particuhr year the cimputcd flow is al<io known 
Fvaporation estimated from the diffennce hetieccn precipitation and computed flow 
increases as precipitation rises Fnhanued opportunities ftr evaporation at wet surfaces 
in years of higher rainfall may account for this regressional increase Storage changes 
are estimated from the riiflerencr between the computed flow and the gauged dischirge 
Compound bar charts and cumuUtive diagrams are employed to illustrate the effects of 
rainfall variations upon atorape changes in the Goulburn area The whole periotl may 
be divided into six sub periods on the basu* of these digrtms Two phases of 
absorpticn or recharge arc clrirly recognirable as well as two others during which 
stored water was being released from the catchment area An important conefusmn is 
that for seven successive years during which correlation was exceptionally strong 
(r = +0 999) climatic and other conditions i^erc such that storage changes would 
not have been IikeU to ociur cstimitts rf evaporation based on the data for this 
sub penod confirm those deduced from the date for the whole period The results also 
indicate the possibility that the total uuitream storage capacity of the Goulburn 
catchment area can be estimated AUhough the investigation was carried out primarily 
m connection with the composition of nitural waters the results are of wider mtcreit, 
and suggest new fields of inquiry 
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Introduotlon 

Gen££al Outline 

I his study IS an integral part of an investigation on relationships 
between the composition of natural waters and cnvironmenlal conditions 
within tilt catchment areas from which the wateis are derived Tvaporation 
and underground storage changes are the fat tors partimlarly under nview 
in the present papei estimates being based upon the tesults of nvci gauging 
and rainfall observations published by the Slate Rivers and Water Supply 
Cciiiniission of Victoria^^^ ihc catchment of the (loullurn Kivtr above 
rddon in north eastern Victoria is used to illustrate a general method of 
approach Imt a summary of the characlcristies of other Viclorun areas is 
included for purposes of comparison Ihe catchments mvcstigitcd unless 
otherwise indicated are hosed upon impermeable bedn ck and each derives 
Its witcr exclusively from mctcune sources witliin its own an i 

The author has already shown that the principal sources of mineral 
impuiilies in Australian waters art (a) the soluble products of rock 
weathering and (t) air borne oceanic salts brought down in run water 
The amount of contamination from the products of rotk weathering depends 
upon the geological environment but the proprrtion of oceanic salts brought 
to a catchment is in general independent of rock iom|x)sUi(n or siructure 
and IS chiefly governed by geographical position 

Desiccated spray from seawater is blcwii iiilind fti f,reit distances 
and in significant quantities the movement of suspended particles even 
reaching the proportions of ti an scout mental dust stoims in reverse Red 
dust from Central Australia is sometimes dnv<n over the Tasman bea 
Not so well known is the fact that salt fi im the coist is elined by high 
winds to the interior of the Continent Ihc particles lH*ing soluble in watei 
and almost invisible their presence is often unsuspected unless ram water is 
chemically examined but prolial ly every important catchment area in 
Australia is more or less influeiKcd by this unseen transier of oeeinic salts 

The relatively low concentrations of sta salts m lain water may at first 
sight, make them seem unimportant but concentrations are greatly increased 
by natuial evajKiration and transpirati n after the water reaches the ground 
Records of rivei gaugings and rainfall show that in Victorn the average 
proportion of water removed by evaporation vanes from SO per cent m 
exceptionally cfi e eiu ealchments to 95 per cent m useful hut inefficient 
ireas In stmi and itgions the imcvapurated residue whuh still contains 
the soluble oceanic salts is sometimes less than 1 per cent of the rainfall 
In addition to the effects of rock weathering and the occurrence of ait liorne 
salts in the rain water a third lactor evaporation is thus C(|uilly inipoitant 
in determining the composition of natural waters in Australia and a stage 
has now been reached when an improved method for estimating it is 
urgently needed 

Storage also above or below the surface may affect the final composition 
of a natural water otherwise than by providing opportunities for evaporation 
Chemical changes of a secondary character such as the biochemical oxidation 
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of sulphur compounds, can occur during storage under aerobic conditions^ 
but the anaerobic reduction of sulphates is a common occurrence during the 
underground storage or transfer of natural waters. Sulphates originally 
deriv^ from oceanic sources can be completely removed from ground water 
m this way. Again, during the temporary storage underground, natural 
"softening" of a water sometimes takes place, calcium and magnesium 
being more or less completely replaced by chemically equivalent amounts of 
‘ sodium or potassium. For various reason*], therefore, it is desirable to know 
how much of the rainfall in a particular year is temporarily stored in the 
ground, or alternatively, how much previously stored water is released to 
augment the flow of the river. 
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Thb Goulburn Catchment Area 


Description 

Situated on the northern slcpea of the Main Divide almost in the centre 
of the Eastern Highlands the Goulburn catchment aiea is one of the most 
efficient in Victoria The present capacity of the Eildon Reservoir is 
306000 acre feet but extensions are being planned I he ideological m^ 
shows that the area of 1 500 square miles above Eildon consists almost entirely 
of slates and sandstones of Cartioniferous Devonian Silurian and 



Ordovician ages There are also ‘small isolated areas of igneous and granitic 
rocks Maps published m the Reports (f the Interstate C( nfercnce on 
Artesian Waters (1912 1928)^®^ show that this catchment is part of an area 
in which no artesian basin of any material size can exist Leakage of 
underground water into or out of the catchment is negligible and innuxei 
of magmatic and other types of juvenile water are extremely improbable 
Apart from annual precipititu n and run water previously stored in the 
ground no otfier source of water is available 

The main axis of the catchment is approximately 90 miles from the 
coast In relation to its distance from the sc*! it occupies an intermediate 
position between two areas which have been described previouslyviz the 
Yarra River basin and the valley of the Upper Murray River 
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(OMI US] I TON nr Rivix Water 

I he waters of the ahove-mentioned nvers differ from each other 
cullsiderably, but all have remained remarkably constant in composition fox 
“i long ijenod Typical results of analysis and other data arc given in Table I 


Table 1 —Coupasison of Waters froii thf Yakrai Goulbukk, and Museay 
River Catch Mb nt Artas 
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Prelimiiiary DisonBslon on Oatohment Area Ralationshlps 

l^ECiriTATlON AND DISCHARGE 

Precipitation on Victorian catchment areas is estimated from daily 
observations at a number of selected localities, the records from different 
stations being weighted to ensure that each locality is represented propor- 
bonately in respect of its area The annual flows are computed from daily 
readings of nver levels at specially selected pj^ng stations Methods of 
procedure are described m River Gaugtngs (1905) and other reports 

Under ideal conditions river discharge should equal precipitation The 
annual gauged discharges (R) if plotted against the corresponding values 
for preapititation (P) might be expected to he evenly along a straight line 
liaving Its ongin at the intersection of the R and P axes, and inclin^ at an 
ansrle of 45 degrees to the P axis (Figure 1 A-A^) In practice, however. 
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the annual discharge of a river is invariably less than precipitation, and the 
plotted values are often found to be widely dispersed in the form of a 
scatter diagram, such as that illustrated m Figure 1 
GAUGED DISCHARGE (F^ Inchti 


I 

I 

3 

r 


llQ 1 

Precipitation is clearly the ultimate source of the discharged water but 
the precise nature of the relationship between P and R is ncit immediately 
apparent from an inspection of the scatter diagram One of the pnncipal 
objects of this paper is to isolate the obscuring factors, es^cially evaporation 
and storage fluctuations, and then as far as possible to estimate the 
magnitude of each of them This can only lie done against a background 
provided by the catchment area equation and with due regard to stitistical 
principles 

Evaporation and Transpiration 

A substantial part of the ram-watcr falling on a catchment area is either 
directly evaporated or utilized by vegetation, and, m conbcqucnce, never 
leaches the nver system In the following discussion " evaporation " on a 
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catchment area is intended to include transpiration It is known that unless 
the mean annual precipitation exceeds a certain critical value, which may be 
called the threshold value, no continuous flow is yielded by catchment areas, 
although heavy rainstorms, or the release of ground water, may provide some 
run-on even in the driest 3 rears The threshold values of Victorian 
catchments known to be enclosed by, and based upon impervious bedrock, 
range from 13 to 22 inches Equality of precipitation and evaporation at 
the threshold value affords a b^is for estimating the mean amount of 
evaporation which occurs under dry conditions, when the mean annual 
rainfall is just sufficient to cause incipient nver flow 

Storace 

Much of the ram water falling upon a catchment area soaks into the 
ground and becomes woven into the fabric of the vegetative and soil 
systems including the underlying weathered rock matenal before being 
released vgain in the form of seepiges and springs which finally dram into 
the river or its tributaries Surface run oflF from higher parts of a 
catchment area may be absorbed into the ground at lower elevations borne 
water may lemam in the ground for several years before actually reaching 
the river If the water is accessible to the atmosphere, and to the roots of 
trees or other plants, losses by evaporation and tianspiration may occur 
dunng storage In the subsequent discussions, the use of the term “ storage ” 
not restneted to ground water below the water table, but includes soil 
moisture and all other water whether temporarily immobilized or moving 
towards the water table, or to the outlets of the drainage system as a whole 

Seasonal variations in the volume of stored water are always to be 
expected, but, during a senes of wet years the net amount of water stored 
m a catchment tends to increase at the expense of river flow On the other 
hand, net depletion occurs in dry years, nver flow being augmented 
Variations m flow caused by daily and seasonal differences in the intensity 
or incidence of rainfall are automatically smoothed out in making the 
annual summations but net changes for the annual period arc not eliminated, 
and are responsible for part of the scatter illustrated m Figure 1, and they 
considerably add to the difficulty of interpretation 

The Catchment Area Equation 

River flow is the greatly reduced residue from annual precipitation 
Some water fallmg upon a nver basin may he permanently lost by 
underground leakage to adjoimnp^ or distant areas a large proportion is 
always lost by evaporation River flow, in a particular year, may be 
diminished if water is temporarily retained m the area, or it may be 
supplemented by the release of water previously stored within the catchment 

An equation expressing relationships between precipitation (P), the 
gauged annual discharge (R), evaporation (£), and other factors influencing 
r ver flow, may be stated as follows — 

P-R + E + U + A 1, 

where U is the water lost by underground leakage, and A is the net 
increment to accumulated storage The same symbol (A^ is used, with 
changed sign, to represent a depletion of reserves previously stored within 
a catchment area 

The following discussion is simplified by confining it exclusively to 
catchmenl areas from which leakage is impossible, hence the equation may 
be wntten in the following form — 

P—R+E+A 


2 
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The practical value of this equation would be enhanced if direct 
measurements of either £ or A could be madci but only in exceptional 
cases 18 this possible However the effects of storage variations niay be 
eliminated by averaging long-penod records of discharge and precipitation^ 
gains in wet years being then offset by equivalent losses in otlicr years 
The equation may, therefore, l»e re stated in a form whith tan be used for 
estimating the mean annual evaporation from a river basin — 

P mau ^ R mum “H C meiui ^ 

Hitherto, the best available method for estimating evaporation was 
based upon equation 3 Such estimates, however, correspond only to a 
particular value of P, vu P mw and afford no information aliout tht 
amount of evaporation occuruig when precipitation is above or below li^ 
mean value It will be shown later that, by appropriate methods it is 
possible to develop an equation for confuting values of river flow which are 
not only free from the disturbing effects of storage vanatioiib but are 
applicable to any corresponding value of precipitation within the observed 
range Computed flows from which stoiagc variations have been eliminated 
arc conveniently designated by the symbol R,, to distinguish them from the 
gauge discharge (R), the relation between K*, and R being as follows — 
Ro*R + A- P- L 4 

The general equation is then simplified to— 

P K. + F 5 

On investigating the precipitation and discharge records of 25 
catchment areas in Victoria the author has found that a simple linear 
relationship exists between Rr and P which miy he expressed is follows — 
Ro — a + bP 6 

The constants a and b may be calculated from long term records of 
river muginps and precipitation and the cquition used for estimating R« 
and E for any value of P within the range covered by the data The 
fact that linear equations satisfactorily express precipitalion-discharge 
lelationships of catchment areas in Vutona cfmsidcrably reduces the lalxnir 
involved in making computations of this kind It is conceivable, however, 
that for some catchment areas the use of polynomial equations may be 
necessary 

Statistical Treatment 

Fhf Goulburn Data 

The relatively small numlier of records available for statistical 
examination consists of 29 pairs of official observations of rainfall and 
i ver gaugings the latter being adjusted for volumes released or impounded, 
and for evaporation in the reservoir The frequency curve of annual 
precipitation is very flat, but it discloses a nomul distribution during the 
perod of 1916-1944 Estimates of skewness induate only a slight degree in 
the rainfall records, and a rather more pronounced degree in the discharge 
data, hut, for practical purposes, both distributions may be regarded as 
sufficiently symmetrical to provide a liasis for treatment by ordinary 
statistical methods 

Some doubt may exist as to whether observations over a period of 
29 years are sufficiently representative to eliminate systematic errors due to 
long-term cycles of charge and recharge In general, it is desirable to use 
at least 40 pairs of annual observations, unless it can be shown that a shorter 
period mcludes at least one complete cycle of storage changes, or there is a 
reasonable expectation that the volume of water stored m the catchment 
area was substantially the same at the end of the period as at its commence¬ 
ment As a long drought period immediately preceded the year 1916, it 



56 


V G Anderson 


inay be inferred that the Goulbum area was in the same depleted condition 
prior to 1916 as it was at the end of 1944 Notwithstanding therefore 
the relative shortness of the penod of observations, the wide ranges of 
precipitation and discharge in this catchment area and the certainty that 
leakage can be excluded make it particularly suitable for illustrating a 
meth^ of approach which is applicable to the majority of other river 
basins in Victoria 

CuRHtI ATION 

An appropriate method of treatment is to correlate discharge data with 
annual precipitation over all individual pairs regarding complexities due to 
fhanges in underground stoiage and sundry random errors as a group of 
unctmtroUable deviations The correlation co efficient (r) and the constants 
of the equation relating discharge and precipitation are computed 'ind the 
standard error of estimation is calculated It is then possible against the 
liaekground of the catchment area equation to deduce some quite deffiute 
information about the relationship between precipitation and evaporation 
Net annual gains and losses in underground storage arc estimated as the 
difference between the computed and gauged discharges This method may 
require modification and clalioration in the tight of addibonal information, 
but even m its present form it greatly assists in clarifying the various 
ssucs and relationships 

Ihe catchment area data with relevant extensions and derivations are 
lanked on the basis of annual precipitation and set out in Table 11 


Tablb n—Tns Goulbobn Riier Catchment Area adoib Fildon Wpis 
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1 BIS , Regrbssion of River Dischargp on Precipitation 

The CO efficient of correlation {r — +0 9464) indicates a very close 
association between annual precipitation and river how over the range of 
the available observations Although the association is strong the estimating 
equation accounting approximately for 90 per cent of the total variance of 
the discharge datT a decision had to be m^e respecting the basis on which 
the regression should be calculated that is to say whether P or R was to 
le regarded as the independent variable In any case the two possible 
regression lines are net widely divergent (ste 1 ig 1) but ts river 11 w in 
this catchincnl is known to depend primarily upc n water from meteoric 
ources the choice of precipitation as the independent variable is appropriate 


Ihe ionstants for the Goulbum catchment area are as follows — 
a*-—16 31 b—iO 8626 b represents the rate of change tf river flow 
per unit of precipitTtion in the absence of random dtviatuns Lxpressed 
graphically b corresponds to the of the straight line in heating the 

1 egression of Ko on P while a specifics the point if rigin n the R axis 
Rfl may be regarded as the volume of river flew which in iny ycai would 
be directly caused by precipitation in that year if there were no storage 
changes or other random deviations In the known absence of IcTkage the 
constants a and h are related to and are to be regarded as corrections 
for the amount of evaporation which occurs in the catchment The ratio 


o — a 


b 


— 18 91 iiiiicatcs the p int (Rc—c) it i^hich the rc^re s ii line 


intersects the P axis and therefore specifics the computed mean threshold 
precipitation below which all < f the rainfall would be evaporated leaving 
no surplus for river fle w A correction for any additional loss by evaporation 
of rainfall m excess of the threshold value is made by multiplying by 1 — b 
Ihe equation for the Goulbum River catchment may be expressed m the 
following alternative fcini in which Rc is estimated by multipl>ing the 
recession co efficient (b) by the difference between the mean threshold 
value and total precipitation — 


Ro — 0 8626 (P - 18 91) 


7 


It IS one of the basic assumptions of the present method of approach 
hat dependable estimates of Ro can be made even when 1 sses by evaporation 
and fluctuations in storage are known to occur from year to year Individual 
values of the gauged discharges do not appear in the estimating t luation 
but the whole of the available data is used in the statistical procedure for 
computing the constants cf the equation In this respect Ro is haidly less 
important than the mean discharge and possesses the additional advantage 
that it can be computed for any observed annual precipitation whereas 
R mtaa corrcspcnds only to the mein prccipitati n f r the wlulc period 

It will lie observed by reference to Table III (column 8) f r Victorian 
catchment areas the constant (h) is always significantly less than nnitv 


The Regression Oh Evaporation on Precipitation 

The difference between precipitation and the gauged discharge may be 
regarded as a crude estimate of evaporation m a catchment area during a 
particular year but the effects of storage changes must be eliminated to 
obtain the true evaporation The most direct method for estimating E is, 
therefore to subtract the computed discharge (Ra) from precipitation (P) 



Table III —Typical Catchment Abeas in V'icroaiA 
Correlatton Data 
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Applying this method to the Goulbum catchment area for different 
values of P, the following typical results are obtamed — 

Tablf IV --<j0ULBUttN River—Catchment 


7 hf Regression of EvaporaUon on Prccipxi i/ion 
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Evaporation increases progressively with precipitation and discharge 
but Its range of viriation is much less This indication tint ev iporation in 
the catchment area is insensitive to changes in precipitation is of importance 
when considering the accuracy with which evaporation enn be estimated 
Iherc IS a significant correlation (r^+O 423) between precipitation and 
crude evaporation estimated as the difference lietween P and R The 
relationship between P hnd E in the Goulbum area may be expressed 
as follows — 

1 -.0 137 P +16 3 

At Melbourne total evaporation from a free water surface is usually 
less m wet than in dry yt us A signihcant inverse crrrelation (r = —0 403) 
was found between the rainfall and total evaporation at Melbourne when 
the records lovering a period of 68 years (1877 1944) were investigated 
But the converse is true of evapo transpiration in Victorian catchments 
This regrtssional increase of evaporation on precipitation in catchment areas 
IS difficult to explain except by assuming that additional opportunities for 
evaporation occur in >ears of higher rainfall 


It will already have been noticed that the regiessum eo efficient of 
discharge on precipitation (b — O 863) accounts only for 86 3 per cent of 
the rainfall even after making due allowanee foi the loss by cviixiritioii 
which IS known to occur before any of the water is available for river flow 
Permanent leakage from the eatehment would explain the inadequacy of 
the regression co efficient to account for the whole of the r'liiif'ill in execs'* 
of the threshold value but leakage from this catchment is impossible owing 
to the impermeable nature of the underlying and enclosing rocks On the 
ether hand a regressional increase in evaporation is liy no means unlikely 
Ijecause in Central Victoria the mean threshold value corresponds with an 
evaporation equal only to one half of the total annual e\aporation from a 
fiee water surface Ihe threshold evaporation does not, therefore exhaust 
the evaporative possibilities of the local climate Opportunities for 
evaporation at wet surfaces might be expected to be greater during years of 
abundant rainfall compared with the necessarily limited opportunities 
4 ivailable in dry years Transpirational losses are also greater in good 
years, when vegetative growth is heavier 
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The regrc^ion of evaporation on precipitation is compared with that 
uf discharge in Figure 2. 

OISCHAROC EVAPORATION C&chi^ 



Fra. 2. 


Thk Residual Variance. 

Changes in ground-water storage can sometimes be estimated by 
observing the water levels of wells and lakes. Measurements have been 
made at Blue I^kc, Mt. Gambier (S.A.), where the .surrounding county 
is comparatively flat, and the porpus Tertiary limestone permits rapid 
readjustment of the lake level to changes in the ground-water table. It 
.seems doubtful, however, whether any analogous method could be usefully 
applied in the mountainous catchment area of the Upper Goulburn River, 
but estimates of storage changes can be made by comparing the gauged 
discharge (R) of the river with the computed discharged (Re)- ’fh.Q 
difference between R and Rc regarded as an estimate of net storage or 
depletion. As a first approximation, it may be accepted that increments and 
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decrcmenU of stored water are responsible for the whole of the difference 
between R and Ro Two assumptions are involved—the first is that if no 
storage changes occurred, the relationship between precipitation and discharge 
would be strictly a linear one the second is that deviations due to storage 
changes if they do occur will be normally distributed aliout the regression 
line The reliability of the estimate obtained by difference in this way 
depends of course upon the degree of accuricy with wliidi (Ke) can l)e 
estimated as well as upon the reliability of the river gaugings 

Ihe assui^tion that storage changes are responsibU for the residual 
variance is sufficiently well founded to warrant its adoption as a working 
hypothesis pending further investigation In the catchment of the A\oca 
River where storage changes are known to be small residual variance is 
lelatively low Jt was also ixt optionally low in the G nil urn area for 
1 * ven successive years when precipitation was not high eiu ugh to recharge 
this catchment which had bcccnie depleted during three preceding dry 
years A comparison of the charutcnstics of the Avoca and (joullmm 
catchment areas is of considerable inteicst in this connexion 

In the mountainous aieas of Eastern Victon i climatic and physiographic 
conditions arc favourable to storage changes which n rmill> manifest 
themselves in large ptrcnnul sti earns Opposite eonditi ns pievail in 
north western Victi na particularly in tlie catchment of the Avoca River 
vs here the terrain is relatively flat and the mean annual rainfall is only 
19 46 inches (nuximuni 28 0) Deplcti n can ccciir only fi m a previoiisb 
charged catehment arti and a depleted catchment can only be recharged 
(luring periods of relatively high rainfall It is unlikely that in the Avi ca 
c tchment area precipitation is sufficient even in wet yeais to allow an> 
a] preciable surplus tjf stoied witcr to lie earned over from year to year 
after evai>orative deniinds have lieen met Net storage changes ore 
tlicrefoie at a minimum although not completely absent and the river is 
semi intermittent in character Over a period of 41 yt irs the standarn 
deviation of R was relatively low (0 compared with tbit for the 
( culimtn catchment area (7 96) In these circumstances poor eon elation 
seemed inevitable but the association between precipitation and discharge is 
stiong owing to a corresponding decrease in residual variance the standard 
error of R for the Avoca aiea lemg 0 49 which is less thin cue fifth of 
that computed from the Goullmrn River rcctjrds for 29 ycais (2 57) 

Included in the Goullmrn rcc( rds there is i iieno I f seven yens during 
which the catchment area remained in a dejdeted condition after an earlier 
dry period Precipitation in the preceding three years was relatively low 
although river flow was comparatively high indicating a phase of depletion 
Precipitation during the sub period under review (19?4 1940) was vanible 
hit the average (36 76) was below the mean for 29 years (39 06), and 
obviously insufficient to retliarge the depleted catchment arei Correlation 
of precipitation with discharge w is tiniisinll} high (r 40 999) the linear 
relationship being represented Iiy the following equation — 

Re —0 892 P - 17 7 

Ihe standaid error of estimation is 0 40 When this equation is used 
to predict the discharge of the Goulbum River correspciiiding to the mem 
P ccipitation for 29 years (39 06 inches) the estimate (17 1 inches) is not 
signihcantly different from the mean discharge (17 4 inches) for 29 years 
The predicted threshold value is 19 9 inches compaied with 18 9 inches 
the value predicted by the equation computed from the data for 29 years 
Strong correlation alone does not necessarily indicate the absence of net 
storage changes because it is conceivable that during the sub period the 
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area may have been either gaining or losing water at a uniform annual rate. 
jEiowcver, the close correspondence between the constants of the eqnatioa 
for the sub-period, and those computed for the period of 29 ynarsi practlcalfy 
excludes both possibilities. Although a slight storage trend is indicated when 
the results for seven years are alig^ wim those for the whole period, they 
are consistent with the view that the shorter period was one in which there 
was no significant increase or decrease in storan. Obviously, the whde 
problem is simplihed when periods substantially tree from storage changes 
are available as a basis for estimating evaporation. 

General Oieouselon of Results 

Storage asd Deplbttonary Trends. 

Annual variations in precipitation, river flow, estimated ev^Kiration, and 
storage changes, for the period under review, are illustrated in a group of 
compound bar<hart8 (fig. 3). 

C0UL8URN RIVER CATOMEKT AREA 
ei«-e«A 
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This diagram shows whether apart from seasonal variations water was 
^red in, or released from the catchment area during a particular year 
Condusionb indicated are consistent with some well established facts 
cOncemii^ the storage of water m catchment artas and explam some 
apparent anomalies m discharge phenomena Ihcy also suggest several new 
ftelds of inquiry 

The general tendencies discernible in this didgram may be sunmitrized 
as follows — 

(a) Water is stored in a catchment area during cycles of high average 
rainfall An occasional dry year does not always alter the general trend 
unless a considerable amount of water has already been at cumulated in 
the catchment area 

(b) Deletion of water from a charged catchment occurs during 
periods of low average rainfall A single wet year does not necessarily 
alter a general depktionary trend 

(c) The amount of stored water tends to remain constant from year 
to year when a period of depiction is soon followed by a furthei dry 
period More th^xn ne wet year may be required to alter thi& tendency 
which along witli others is mure clearly illustrated in the cumulative 
diagram (hg 3) 

There are also indications yet to be conhrmed that fiords and other 
catastrophic phenomena facilitate the release of water from charged 
catchments possibly by eroding new seepage ch'innels or by removing 
I atural barriers which would otherwise retard the escaiie of water 

Modified mass or cumulative diagrams despite obvious disadvantages 
nre particularly useful for illustrating storage changes in catchment areas 
ihe datum of the cumuhtive rainfall diagram is the mean annual 
precipitation for the whole period deviations from the mean being plotted 
cumulatively hstimaled gains and icsscs of stored water are alsc plotted 
cumulatively m a second diagram On comparing the Iwc charts several 
periods of release and recharge as well as the relatively constant period 
lie recognizable together with conesponding variations m rainfall On the 
liasis of these diagrams the period under review may be divided into the 
SIX sub periods she wn m fable IV 

Tavie IV— Goulhurn Catcbuenp Ahfa 1916-1944 
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Appaebnt Anouauis. 

Some apparent anomalies may be explained with the aid of the diagram. 
For example, during three years commencing in 1928, (c) the aver^ 
discharge (16*1 inches) of the Goulbum area was lower than in the fdlowizig 
three years (19*6 inches), notwithstanding the higher aver^ rainfall 
(39*7 inches) during the former period, compared with the rainfall (37*0 
inches) of period (d). To explain this anomaly in terms of evaporation 
changes would involve the highly improbable assumption that the avenge 
annual loss by evaporation in one period was 6*2 inches greater than in the 
other. The avera^ difference in evaporation estimated from the regression 
of £ on P was only 0*4 inch. It has already been shown that evaporation 
is much less variable than either precipitation or discharge. The explanation 
indicated 'by these diagrams is that during sub-period (c) appreciable 
amounts of water were retained in the catchment at the expense of river 
dow, while in the three following years of diminishing rainf^l the flow of 
the river was augmented by water released from the catchment. This is 
not an isolated case, but is quite typical of many examples which could be 
cited from other catchment areas in Victoria. 

Sub-period (e) during which, as previously described, only slight 
changes in stored water occurred, except possibly for seasonal variations, is 
also typical of the behaviour of other river catchments during periods of 
low average rain following an earlier dry period. Apparently a state of 
equilibrium was reached, l^yond which further augmentation of river flow 
by ground-water was in^ssible. 

Evaporation during Storage, 

Evaporation and storage conditions in catchment areas are closely 
related, and both have important effects upon the quality of river waters. 
The effects of evaporation can be recognized and estimated by observing 
changes in the concentration of chlorides originally present in the rain-water. 
In the Eastern Highlands, springs and seepages feeding the moimtain-tract 
tributaries of river systems, yield waters containing very low concentrations 
of chlorides. A marked increase is usually observed before the streams 
emerge into larger river valleys. Pro^essive increases m chlorides are 
found in tributaries which enter the n^n stream from open plains. It is 
often supposed that the higher chlorinities of the lower reaches of a river 
are due to the ocean, but the same tendency is noticeable in some rivers north 
of the Main Divide, and which flow away from the coastline. Greater 
opportunities for evaporation in the open plains account for this increase 
in salinity. 

It is well known that the dry-season flow of rivers is often more saline 
than the flow in wet seasons. But the author has observed that the 
chlorinities of some river waters, in Victori^ arc definitely lower during 
dry seasons# The waters of the Yarra River, and of other Victorian 
Streams, contain a higher proportion of chlorides in winter than in summer. 
After prolonged droughts, the Yarra water is consistently lower in dissolved 
solids. Storage conditions explain this unexpected effect on river waters in 
Eastern Victoria. Ground-water temporarily stored deep below the surface 
in mountainous areas is partly protected from atmospheric evaporation and 
transpiration. But in flat poorly-drained country, particularly when most of 
the underground-water remains near the surface within resi^ of the roots 
of tree^ appreciable evaporation occurs during the storage period. Release 
of grOtm-water from protected parts of elevated catchment areas continues 
throughout the dry season, and then constitutes the principal source of river 
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flow The preponderuice of water which has been protected from evaporation^ 
thus reduces the chlonnity of the nver water in dry periods because flow 
from the lower and less efficient part of the catchment then becomes 
neghipble, or entirely ceases In the following wet season water stored in 
lower parts of the area which had become more or less concentrated by 
evaporation during the dry season is carried to the mam nver m the flow of 
intenmttent tnbutanes thereby making an appreciable addition to the 
salmity of the nver water 

Upstream Storage Capacity 

The rate at which water cm be retained or lelcased during an annual 
period appears to be hmited but unidirectional trends often persist for many 
ywSt in extreme cases for 20 years before i revtrsal occurs on completion 
of a rainfall cycle In the Goulhurn area during the period under review 
SIX successive years between 1919 and 1924 was the longest sub period in 
which water was absorbed depletion occurred during the following three 
}ears Storage reached a maximum value in 1930 of 10 2 inches above 
datum After a period of rapid depletion the value fell to 1 8 inches below 
datum and remained almost constant for another seven years 1 he difference 
between the maximum and minimum viliies (12 inches) is equivalent to 
960000 acre feet for the whole catchment and it may be legarded as a 
prehnunary estimate of the upstream storage capacity ox the Cmulburn area 
dunng the period under review It is interesting to note that this volume 
IS rather more than three times the present cipacitv of the 1 itdon Reservoir 
A period of minimum storage wis clcsily reached between 1934 and 1940 
but the catchment may not have been fully charged in 1930 Obscivations 
covenng a longer period would be necessity before this qutslion can Iw 
answered Records extending for 50 years are available for the Mitta 
and Upper Murray River catchments where the upstream storige capaatica 
indicated are considerably hi^er Rainfall distribution ind (ther physical 
conditions would obviously affect the total storage capacity of i catchment 
area and these differ from those prevailing in the Goulbum aiea The 
possibility of being able to make even approximate estimates of the upstreim 
storage capacities of catchment areas opens up an interesting field for 
further investigation 
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Art. Vfl —The yictorian Earth Tremor of 3rd November, 1944. 

Hy A. J GASKIN, M.Sc. 

I Read 12th July, 1945] 

A htroii}; earth tremor occurred in Victoria on November 3rd, 1944. 
In the MellHmnie area, it was felt between five and .six minutes after 
midnight of Novemlier 2nd The tremor was generally described as 
loginning with an audible jihase, which varied, according to the locality, 
from a loud crack to a low rumbling bound, followed or accompanied by 
emc or more phases of more or levs intense vibration lasting from one 
to four .seconds 

The shock was recorded liy the seism igraph at Melbourne Observatory. 
The period of vibration was not groat enough to lie measurable on the 
record. The vehicity of travel of the light beam in the photographic 
recorder lieing comparatively high, the iK*aks of the waves on the trace 
have been underexposed so that the maxiiiiuin amplitude cannot be 
determined with certainty |i was probably not much more than 2 mm., 
c'orTcsp<jnding to a ground movement of 8/i at the Observatory. The 
following measurements were obtained from the record:— 
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(Universal time.) 

The distance of the epicentre from Melhutiriie as estimated from the 
P~M interval is of the order of 45 miles, which is nearly twice the distance 
of the Mornington epicentre from Melbourne (Holmes, 1933). ITiis 
accounts in jxirt for the smaller amplitude of the 1944 tremor as recorded 
in Melbourne The over-all intensity of the 1944 tremor was. however, 
considerably less than that of the 1932 .shock, minor destructive effects in 
the cpiccntral area of the 1944 shock lieing comparatively rare. 

Following a public request for information, about 100 reports concerning 
the tremor were received from observers in the Melbourne area, and about 
75 from country ob.servers. Intensities on the modified Mercalli scale 
(Wood and Neumann, 1931) were assessed from these reports, and mapped 
in an attempt to determine the epicentre of the shock Because of the small 
degree of variability of intensity shown between reports from widely 
separated areas, this procedure did not give a particularly accurate map of 
the isoseihitials, but when the nature and duration of the phases of the 
tiemor (described in most rqwrts) were taken into account, a more satis- 
factory approximation to the epicentre was obtained (see text fig.). 
Reports from localities within the 4 isoseismals describe the audible 
as a lo\^ crack, with a very short interval between it wd the subsequent 
phase of movement. The latter was felt as a very rapid jolting vibration 
of fronjj^ one to two seconds' duration With increasing distance from the 
epiewtial region, the preliminary audible phase was reported to become 
low^'n pitch, dying away to a dull nimble in localities near the 3 isoseismal. 
In ^ost districts outside the 3 isoseismal, the tremor produced a slower, 
more rhythmic, ground movement, unaccompanied by an audible phase. 
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Although the maxunum reported niteniity of the tremor was little more 
than 4 allowance must be made for the fact that the mam imicentral 
region i« situated in nninhabutd moniilainuus country near the derberean 
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Ranges a distritt froir v '"ich no mtormatioi could l)c < btaiiicd It is 
probable however that the maximum inlcnsily of the tremoi was nowhere 
greater than 4 5 md the shock appeals to ha\t Icen of a multipit focus 
type due to shallow depth flult movements assctnlcd with a NL SW 
stress line 

The suggestion of a multiple focus effett is based on the presence Of 
the local epicentres near Healesville and Mt Dandenong iheii positions 
on the map are based on the various aspects of the reports received from 
these districts One aspect of th< reports that >f the direction from which 
the audible phase appeared to come although often found to be an unreliable 
factoi in seismic work gave reasonable evidence in this rase as the directions 
reported, with very few exceptions pointed to the two local epicentral are*iA 
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At a poirtt close to the line joining these two epicentres, two distinct audible 
phases were reported, the second being almost simultaneous with the ground 
movement phase of the first. 

The assumption that the fault movement occurred at a relatively shallow 
depth is based on the sharp high-pitched nature of the audible {^ase in 
localities near the epicentres. Further evidence suggesting that the shock 
was connected with more than one focus is provided by the fact that it was 
felt over a considerable area (nearly 10,(XX) sq. miles), with no very great 
variation in actual intensity, although the epicentral areas were sharply 
defined by the character and time spacing of the phases. Blake (194>1) has 
indicated that this type nf shock is characteristic of simultaneous shallow- 
depth faulting along several inter-related lines in a stress zone. 

The isoseisnial map of the tremor (p. 67) shows that the three 
epicentral areas occur along a N E.-S W line, which when produced to the 
S W. joins the line of the Beaumaris monocline, and further S.W. the line 
of the Curlcwis fault. It seems probable, therefore, that this line represents 
the strike of a fault or the trend of a stress zone in which minor faults 
are at present developing. Such a fault line would represent the north¬ 
western limit of the norlh-east south-west set of faults which are prominently 
developed in South (lippsland. 

It is apparent from the map <p 67) that the isoscismals arc not only 
eUmgated along the direction of the stress zone containing the epicentres, 
hut are asymmetrically distributed in directions at right angles to this zone 
The shock waves have been transmitted to a much greater extent to the 
north-west of the stress zone than to the south-east. This effect is well 
shown on the map by the outermost (broken) isoseibmal, which represents 
llie limit of detection of the tremor. To the south-east of the epicentral 
area, this limiting isoseisnial is very close to the Heath Hill and Bass River 
fault lines, so that it is almost certain that the relatively incomix-tent Jurassic 
and Teriiary sediments tii the south-east of these faults have ahsorlicd the 
rather high frequency shock-waves characterizing the epicentral areas to a 
much greater extent than have the rigid igneous and sedimentary rocks of the 
basement complex to the west and north-west of the epicentral zone. 

The other point of interest concerning the geological aspects of the 
tremor is the fact tliat the epicentral areas are all within or near the 
boundaries of thick Devonian dacite flows, which overlie a basement complex 
of intrusive igneous rocks and older folded sediments.* 'ITiis observation 
buggests that it was only at points where the stress zone intersected massive 
lava flows that fracturing occurred sufficiently suddenly to give rise to the 
high frequency vibrations which characterize the districts that have been 
referred to above a.s epicentral areas. 

There may be son^significance in the fact that the tremor occurred in 
a tieriod of intense d^ght following a succession of dry seasons, during 
which it is probable t|nt*the level of the water-table had bwn reduced more 
in the mountainous ^dte areas than in the low-lying country surrounding 
them. The resultant change in the total weight of the dacite mountain 
masses may have been sufficient to generate the trigger force, which caused 
the fiuddcn release of pre-existing tectonic stresses. 
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Abstract 

When * partly polibhed optical Bat wa^ placed race downwards on a standard flat 
and illuminated by a imall bright white light source the pattern corresponding to the 
colours of thick plates was observed oicompassing the image of the source When the 
top surface of the standard flat was aJuminued the pat im was much more intense 
A new phenomenon occurred when the pair of plates was illuminated by Ight from a 
mercury lamp which passed through a narrow slit the single pattern giving place to 
two separate patterns whose intersections gave the locus of the pattern observed with 
white light When the scattering surface was made senu reflecting the double set of 
patterns became sharper one set bemg localired m the plane of the scattering surface, 
the other m planes corresponding to the position of the Newton nng pattern formed 
by multiple reflections Vanous experiments arc described for studying these patterns 
It 11 concluded that all three systems of fringes are preduced by multule reflections 
between the two reflecting surfaces tlie assumption of Stokes that the coWrs of tbidr 
plates could only 1 e produced by light passing and repass ng the anie particle being 
unnecessary It is considered that the pattern correspondmg to the colours of ttuclc 
plates is produced by the summation of the intensities of the light from a pair of 
separate rattems of the simpler Newton nng type one set being produced by light 
scattered by the top surface a id then suffering mult pie reflections Mtween the hurfaces 
before reaching the observer the other sict being produced by I ght from the source 
suffenng multiple reflections between the plates and finally being scattered by the 
scattering centres 


Introduotlon 

When a partly polished optical flat was placed on a standard flat and 
illuminated by an electnc limp it was nctued thit an interference pattern 
which differed from the usual Ntwtoii nng pattern was observed 
surrounding the image of the source It was also observed that when a 
bright mercury lamp was used the pattern was resoKable into two systems 
of fnnges of the Newton nng type the intersections of which produced a 
pattern similar to the first pattern obsen^ed Ihc double set of interference 
patterns was sharper and more easily observed when the scattering surface 
was also made semi reflecting 

A search of the literature revealed that Newton Young Stokes and 
others had been mtercsted m interference patterns product by surfaces 
cami le of scattering light a phenomenon often discussed under the title 
'uie colours of thick pates S> far as the author is aware the pair of 
patterns observed when a monochromatic light source was used has not 
previously been recorded The theory suggested to explain these latter 
patterns lead to a more general inurprttation of the theory of the colours 
of thick plates so it is proposed to summanze the conclusions reached by 
some of the previous workers to desenbe the experiments that were earned 
out to obtain the additional system of fnnges and to discuss an explanation 
for them and for the colours of thick plates 
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Barlier Bxperiinratal Work on the Ck>loim of Thick Pla^ 

Newton (1) in the fourth part of his second book of Optics described 
the following experiment. A white opaque card, pierced with a small hole, 
was placed at right angles to the optic axis of a concave glass mirror whkh 
had been quick-sil\rered at the back. The hole was at the centre of curvature 
of the mirror and the apparatus was arranged so that sunlight passing 
through a hole in a window shutter of a darkened room passed alko througn 
the hole in the opaque card and fell perpendicularly on to the mirror. A 
set of coloured rings was observed on the card encompassing the hole, 
and Newton attributed them to light scattered on entering the glass and 
then regularly reflectefl and refracted. He applied his theory of fits to 
account for the fringes. 

In 1755 The Duke of ChaUlnes (2) produced similar fringes by 
substituting in place u{ the glass mirror a metallic speculum in front of 
which he placed a plate of tarnished mica. The distance between the 
scattering surface ami the reflecting surface could be readily varied, and 
he observed the variation in the diameter of the fringes with the distance 
between the surfaces. He also found that the brilliancy of the fringes 
produced by Newton’s method was increased by breathing on the glass 
01 by spreading over the surface a small quantity of milk and water, which 
on drying produced a good light scattering surface. 

Quetelet (3) described a set of coloured bands that had lieen observed 
by Whewell when the image of a candle held near the eye was viewed by 
reflection in a plane mirror of silvered glass placed at a distance of some 
feet. Whewell and Quetelet found that it was an essential condition of 
success that the surface was not perfectly bright and to ensure the pro¬ 
duction of bands it was sufficient to breathe gently on the front surface 
of a cool mirror. Instead of vapour, which soon evaporated, Quetelet 
recommended a tarnish of grease. 

Young (4), Ilerschel (5) and Stokes (6) applied the wave theory to 
account for the fringes observed by Newton They assumed that <»nc 
stream of light was reflected by the mirror and then scattered at the surface, 
another stream was scattered at the surface an<l then reflected by the mirror. 
If the two portions of scattered light coincided in direction they were 
capable of interfering, bright hands occurring when the retardation of the 
two beams was an integrsS number of wave lengths. Stokes came to the 
conclusion that in order for the two streams of scattered light to lie capable 
of interfering it was necessary that they should be scattered, in passing 
and repassing, by the same set of iKirlicIes. 

The experiments which will be described later using nionochromatic 
light show that it is possible to observe two systems of fringes One set 
is produced by light scattered at one surface and then reflected; the other 
by light reflected between the plates and finally scattered. The intersections 
of these two patterns give the positions of the interference pattern studied 
under the title of the,colours of thick plates. 

The explanation for the double set of fringes observed when using 
monochromatic line also accounts for the single system that is ol)serve<l 
with white light and this will be discussed later in this report. 

Bxperlmental Investigation 

If ouTsurface of a glass plate, capable of scattering, transmitting and 
reflecting light, is placed close to another surface which is capable of 
reflecting li^t. one might anticipate that there would be two ways in whkh 
an interference pattern could be produced. Consider Fig. l(o) which 
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represents two glass plates separated by a layer of air If surface A 
capalde of transmitti^ reflecting and scattering light and surface B of 
reflecting light an interference pattern wiuld be observed by reflected 
light interfering with transmitted light the Anal beam being scattered by C 
Scattering centre C will he biight when viewed from any direction 
provided that 

("i + iM* 2dcostf 1 

where B is the angle of iiKidence of the light 'in integer nud \ is the 
wavelength of the light employed 



The system of fringes represented by ftrniuli (1) will bt Usigiutul 
ts Set 1 m this discussion 

The other system of fringes which we shall i ill Stt 2 is Uu to tlu 
intcrfcreme of light that has been scalterc 1 fr m a si'iUenng entic C 
and reflected by multiple reflections from the adjiccnt surf ices of the glass 
phtes (see T ig 1(/J) C onstruitivc nitcrfcunce in witi 1 trved nt 
an ingle 0 provided 

(nfl + 4)X — 2d Cfs 0 2 

n in integer 


(Set 2 pattern could also be produced by scaittnng centres n the up 
surface of the top plate ) The angle of incidence of the light will hive 
no effect on this set of interference fringes itliei than t) vary it bngitntss 

It wis found possible to learly observe he two sets f interference 
patterns corresponding to Set I inh Set 2 using the cxieiimentil 
arnngenient of fig 2 




Pi* j Trprr nintsl urucmiait for atndflnf Set I and Set 2 nterfereitee pmerm 
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For thU cxperhnent the two plates were optical flats about four iittihes 
in diameter. Tne lower surface of the top was nude semi-reflectitlg 
(half aluminized), the top surface of the lower plate being reflecting (fully 
aluminized). The scattering points were scratches on the sefni* 4 luminized 
surface, or were simply produced by spreading a thin smear of oil over 
the surface with a finger. The surface containing the scattering points 
was then placed paraller to the reflecting surface of the bottom plate. The 
flats were placed on the table and illuminated by a mercury lamp. The 
light from the source passed through a narrow slit (about 2 mm. wide) 
in a large black card, and the plates were arranged so that the scratched 
lines or smears of oil were normal to the direction of the light. On 
observing the reflected image at O it was observed that a dout^ set of 
interference fringe patterns was visible, the one corresponding to Set 1 
fringe pattern being localized in the plane of the surface of the half 
aluminized plate, whereas the other pattern (Set 2) was localized in a 
curved surface close to the scattering surface. This latter pattern 
corresponds to the position of the Newton ring pattern formed by mul^le 
reflections, as given by Feussner (7) and discussed by Tolansky (8). (The 
double Newton ring pattern due to polarization observed by Toiansl^ is 
not resolvable under these conditions.) When one of the glass surfaces 
used in this experiment was slightly convex, the resultant ring pattern 
for Set 2 was localized in a regular curve one half before and one half 
Iwhind the glass surfaces. For an air film the apparent distance D of 
the fringe from the surface uf the plates is given by 
d ‘’in 0 , 


where d is the separation of the plates at the point where the reflection 
of the light which produces the tringes occurs, « is the angle between 
the surfaces of the two plates at this point, and 0 the angle of reflection 
of the light. Figure 3 illustrates the apparent location of the fringes 
observed at an angle 0 to the normal. 



/ 

pio. 3—lUsrtntiitff appsmt loeatiia of frinfet for a a^wrlet] tnrfact with 
multiple reflectioiu. 


On studying tlie interference jpattems produced, each set could ^ 
readily distingui^ed. When the ooberver moved, Set 2 pattern moved in 
the same manner as the usual Newton ring pattern, whereas Set 1 remained 
stationary relative to the plate. Thb confirms the interpretation that has 
been given. 




IMiHg$s Prodwti by Scattmng and Refiectun 7 ? 

Owmg to tlic different location of the two seta of fringes produced 
in this manner it was difficult to obtain a clear photograph showing both 
sets together Plate 111 fig 1 gives the general effect of the combmation 
of the two patterns The plates had been tilted so as to form a wedge 
angle, the two sets of fringes being then approximately straight lines 
mdined at slightly different angles The intersection of these systems is 
clearly seen as b^ht and dark bands running across the photograph and 
these will be discussed later 

The double set of interference patterns could also be observed when 
the top surface was not made semi reflecting The patterns were then not 
as sharp the effect of half aluminizing the top plate being to increase the 
resolution of the fringes The double system of fringes could not be 
observed When white light was used and this would account for the fact 
that they had not been observed by the workers mentioned earlier m 
this report 

A conhrmation of the above interpretatioif of this double set of fnnges 
uvas obtained by means of the following simple experiment 




tio 4—br «ed plate t M p alucr^ I Ir n r n lar to Set 1 
Frofted plite at M, praduceR pattern i Wr to Sat 2 
I Itered m cm y I flit w U pola o d uicd 


One surfice of an optical flat w-is made semi reflecting and this was 
placed close to the surface of another flat that surface being a good 
reflector (fully aluminized) The surfaces were illuminated as m the 
earlier experiment the observer being at O A lightly frosted plate was 
placed at Mj (fig 4) and an interference pattern was observed on the 
plate This pattern corresponded to the bet 1 system of fringes It was 
slightly enlarged owing to the distance of from the reflecting surfaces 
This pattern did not alter when the observer moved although it changed 
when the position of the source wis altered When the frosted plate 
was moved from M| and placed at M, the pattern corresponding to Set 2 
was observed (In taking these photographs a polaroid plate was placed 
before the lens of the camera and rotated until a sharp interference pattern 
was visible In this way the doublet system product by the differential 
polarization phase change on reflection at a metallic surface is reduced to 
a single sharp system ) The shape of this pattern varied with the position 
of the observer but not with the position of the source These two rattenu 
corresponding to the frosted plate at Mi and M, usually appeared distinctly 
different, and a typical example of such a pair of patterns is shown tn 
Plate III fig 2 With the plate at M, the pattern was circular, a single 
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interference colour practically covering the diameter of the plate, whereia 
with the plate at Mi the line pattern was observed. Since the pattern with 
the frosted plate at M, corresponded exactly with the Set 2 pattern prodoce 
by scattered light at the surface of the plate one can infer that the interpre¬ 
tation given in fig. 1 (i») for Set 2 pattern is correct. For the frosted pate 
placed at Mj and using surfaces free from scattering centres, fig. 1(h) 
could be modified slightly to interpret this result. Scattering centre C' 
would lx; placed above the tup plate at a position corresponding to the 
frosted plate A ray from this point making an angle of incidence of p 
to the normal would produce a set of rays similar to those shown from, 
scattering centre C' in fig 1(h). The condition fof interference maxima 
would be given by 

(Hj + 2d cos 0 .4. 

where ij represents the phase change at reflection from the surfaces. To 
simplify the discussion we will consider glass surfaces that are not 
aluminized giving equal to That is, equation (4) becomes 

(tij + 4)^ “* 2d ct)s 0...5. 

Jf the interpretation for Set 2 jiattern had lieen modified by omitting the 
ray that is scattered back into the glass from C' towards the observer 
(iig. ), a s\stcm of iiingcs vvouki be cxpecteil corresponding to 

tijA ™ 2d cos 0.. .(). 

assuming again that the surfaces were not aluminized. This formula 
corresponds to the transmission interference fringe pattern for two parallel 
plates and it is noticed that it would be displaced one half fringe relative 
to a system corresponding to equation (5). The ratio of the intensities 
of the maxima and minima corresponding to equation (6) would be less 
tiian for e([uation (5), the theory being similar to that of patterns corre¬ 
sponding to transmitted and reflected Newton Ring pattem.s. This 
displacement of one half fringe between the pattern observed with the 
frosted plate at Mj compare<l with the pattern corresponding to Set 2 is 
not observed cither when the plates are aluminized or when the aluminium 
layers are removed. We may thus infer that the first ray scattered from C' 
back into the glass and thence to the observer is necessary in the interpre- 
uitioii of the Set 2 pattern. It is also assumed that the ray in fig. I (a) 
which reaches the .scattering centre C without a previous reflection and is 
scattered to the observer is required in the interpretation of Set 1 pattern. 
The study of the colours of thick plates confirms this assumption as will 
be shown later. 


The Colours oi Thkk Plates. 

When, with the experimental arrangement shown in fig. I, a white 
light source was used in place of the mercury lamp, a coloured line pattern 
was observed corresponding to the intersections of the two systems discussed 
above. When the plates were parallel, the lines were straight and approxi¬ 
mately symmetrical about the reflected image. When one plate was tilted 
so that a wedge of air was formed, the distances between the lines was 
greatest where the air separation was least. With this experimental 
arrangement it was found difficult to obtain clear photographs of this 
pattern, so another method wai used. A pair of plates of suitable size 
was inserted in place of the prism in a constant deviation spectrometer 
which had been adjusted for parallel light. One surface of one of the 
plates was aluminiz^, and one surface of the other plate carried scratches. 
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These scratches had been produced by sliding the plate over a sheet of fine 
emery polishing pspeTp the motion of the plate being maintained parallel 
to one edge of flic plate. These surfaces were parallel and close to 
each other, small pieces of plaaticenc being uscil to separate them. The 
scratches were arran^d .so that they were normal to the direction of the 
incident light. Wim the arrangement shown m tig 5(fl) the angles of 
incidence and emergence are approximately 45 degrees. Widi the 
arrangement of fig. 5 (b) the angles of incidence and etncrgtncc are very 
small, the separation of the lines for tlie same distance lM*twcen the surfaces 
of the glass plate l>eing much greater. A photograpli of the pattern was 
taken using the arrangement of fig. 5(o) and is slumn m IMatc 111 , fig 3 
A mercury lamp and green filter had lieen sul)stitutcd m place of the white 
light source, but it will lie noticed that even using momH'hromatic tight 
the lines are diffuse and in the form of broad bands. 



Cdrmm! 


Fio 5.—<«) Expcnnii.nt'U arrangement foi obnerving diffMUinn patlirn where vpar«taon of 
platen 11 mull, $ and ^ ^ «r/4, 

(b) ExprnmenU] anangement for Urger Mriwration of ptitei, $ and ^ O*. 


When the lines were ruled at varying distances apart with a ruling 
engine, so as to maintain constant the dc^)th of the scratched lines, the 
broad band effect was still evident A similar pattern was observed when 
parallel lines were scratched on one surface of a glass plate, the other 
surface of which was aluminized. These patterns correspond to those 
previously studied under the title of “The Colours of thick plates." 

There arc two ways in which we may interpret the production of these 
fringes. The first follows the lines suggested by the earlier workers. 



Fio. 6.—ExpUiution ol colours of (hick plate*, using Msomption of Stokci (a) air film, 

(fi) nntle plate 

Let C (fig. 6(a)) le one of the linos of the lower surface of the top 
piste and d the distance between the plates. According to Youm and 
Stakes it would be possible for ray A' A B C C" F to interfere with ray 
G ^ C D E E", Both rays have been reflected from the bottom {date 
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and scattered by the 'same scattering centre C. Provided we the 

(Merential phase cht^e for different angles of reflectionp the optical path 
difference or retardation is 

(AB + BC + a'F) - (GC + CD + DE) — 2d (cos - cos 0). 
Thus interference maxima will occur at angles corresponding to 

nA—>2d (cog — cos 0).7. 

where n is an integer. 

It is interesting to compare equation (4) with that for the diffraction 
grating namely nA — d^ (sin 0 —sin 0) where di is the distance between the 
rulings. When 2d — d| grazing incidence spectra for the grating corresponds 
to normal incidence spectra for the above. 

The disj^rsive power of the system is represented by il0 / dA» 
n/2d sin 0. For small angles of 0, d0 / dA becomes large, which accounts 
for the increased dispersion using the experimental arrangement shown in 
fig. 5(fc) over that shown in fig 5(a). 

When the parallel lines are scratched on one surface of a glass plate, 
the other surface of which is aluminized, the paths of the rays is given 
in fig. 6{b). Here 

nA' 2d (cos - - Kos 0')...8. 

where A' is the wave length of the light in glass, B' and 0' the angles to 
the normal in glass. This would correspond to the arrangement studied 
by Whewell and Quctclet 

An alternative suggestion would be for two interference patterns 
to be produced separately as given earlier. Fig. 7 is drawn to ilhislrate 
this possibility, the full lines representing the production of one system 
(Set 1) and the broken lines the other system (Set 2). 

For Set 1 system, i.e. light reflected between the plates and then 
scattered by C, we have, assuming glass surfaces 

(11] -|- ■J)A 2d cos 0.1 





Fio. r.—AltcnutlTe fxpUiMtloo of eeloun ol thick pitta. 
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and for Sd 2 patteitip oorrespooding to light scattered by C' and then 
reflected between the plates, 

(Oi + i)A*—2dcoB0.2. 

The intersectioxu of these two systems will be given by 
(n, — n,)A «* 2d (cos B — cos 0) and 
when n — nj — n| 

nA 2d (cos 0 — cos 0 ) 

and this agrees with equation (7). It will be noticed that it is possible 
for the same scattering centre to produce both sets of patterns (Set 1 and 
Set 2), i e. for C and C (fl^. 7) to coincide, and this will cover ^e original 
explanation of the production of the fringes if we neglect the possibility 
of several flections before and after scattering We may therefore 
conclude that the second explanation is a moie general one and accounts 
for the various types of interference patterns produced by scattenng and 
reflection. 

It was shown earlier that by comparing the pattern correspondmg to 
Set 2 with a pattern observed when a frosted plate was placed at M, 
(flg 4), that a ray directly scattered from C' was necessary to explain 
^e Set 2 pattern. The equation for this pattern was shown to correspond 
to that of equation (2) above Since equation (7) for the colours of 
thick plates correspond to the intersection of the two patterns Set 1 and 
Set 2 we may, assuming equations (2) and (7), deduce the equation for 
Set 1 It is found that this corresponds to equation (I). To interpret 
this equation it is necessary to assume the interference of the rays given 
in flg. l(a)» one ray from the source reaches C without suffering r^ections 
between the plates and is then scattered, whilst other rays are reflected 
between the plates before being scattered towards the observer. 

Stokes affirmed that the pattern corresponding to the colours of thick 
plates could only be product by light passing and repaesing the same 
particle. He reached this conclusion as he was unable to observe the 
coloured pattern when he viewed a luminous point through a plate of glass 
both surfaces of which possessed scattenng centreb. An allcmativc 
explanation of his result would be that since neither surfaces contained a 
reflecting layer the intensity of the oatterns produced would be low, and 
the resultant interference pattern difficult to see. The two patterns would 
also be produced similar to the manner of transmission Newton Ring 
patterns and for glass surfaces, that have not been made senu-reflecting, 
these have not the contrast of reflected interference patterns. The colour^ 
pattern corresponding to the colours of thick plates for a white light source 
has nevertheless been observed by the author on viewing a distant lamp 
through a glass plate, one or both surfaces of which carries light scratches. 
A simple way of observing the pattern is to view at night tune a distant 
lamp mrough a window of a railway carnage. These windows arc usually 
scratdicd, particularly near the edges, the lines there being reasonably 
parallel. It is necessary for one surface only to possess the scattering 
centres, and the mterpretation of multiple reflections given above can be 
simply modified to af^ly to this case. The pattern can be more clearly 
seen when the surface of the glass plate is at an angle to the direction of 
the light, the intensity of the reflected light being then greater than for 
reflecrions of normal incident light The pattern is even more easily 
observed when a source is ritwid through two nearly parallel surfaces 
that have deposited on them a lig^t senu-reflecting layer, one of whidi 
has also been made capable of scattering light. 




OoBofaglon 

In concluding it may be stated that by using a source that prondea line 
spectra m place oi continuous spectra for example a mercury lamp in 
place of sunlight, the study of the colours of thidc plates has been tnade 
more complete Iwo additional sets of interference patterns have been 
observed and the interpretation of these has suggested a diiferent interpre¬ 
tation from thit given previously for the colours of thick plates To 
account fur tlie additional sets of interference patterns observed it u 
necessary to assume sevenl reflections between the two surfaces of glaas 
and the exiienments desinlied in this paper have shown that by increasma 
the number of reflections the resolution of these patterns has lieen increased 
It was oliseived that the locus of the intersections of these two patterns 
gives tin system previously desinbetl under the title of the colours of 
thick putts Stnkcs concluded thit it was necessary for two rays to be 
scattered l>v tlu simt scattering element in order to account for the pattern 
observed hv Newton Hit* reason ff)r this conclusion has l>eea discussed 
and It is shown tliat an iltcrnative suggestion satisfactorily hts in with the 
expenmentil tisuUs it is proposed that the colours of thick plates can 
he expl lined is the siniuiiation of a pair of patterns of a simpler Newton 
nng type which an produced mde])cndently the absumption of Stokes 
given arx)ve lieing unnecessary 
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Introduction 

Ihc alkali locks (f tlu Roit CvrikI district wtic hist dtscubed hy 
I welvetrccs m i sci ics f shoit pijKis pul lished bchvctn 1S9S md 1^7 
and liter b> Paul (190 j) Plitv were thought to lie if Pciinun age until 
Sktats (1917) shovied that the related porphyry dykes ncai Woodbrulge 
iH iiUiusive into the M<.so7oil dolmtis I uithci instances ot this 
relationship weie discovered subsequently at Pori Cygnet hy Reid (1922) 

The rocks wcu known simply as felspar porphyries on aeeount ot 
Ihcir strikingly porphyntic chaiactei until Twelvelrces and Petteid (1898) 
attempted the difficult task of classifying tluni—one of the carhest petto 
logical studies made m Tasmania 1 or this purpose they examined i 
collection of sjiecimens whose field jelations were not always known some 
of them lieing not in situ when collected They divided their speeiniens 
into three groups — 

(1) I fFiisive rocks—comprising hauvru trachytes aeginue tiaehytes 

intlanitc trachytes and augite trachytes 

(2) Intrusive rocks—compiising sanidiiie augitt hauviic ijilites and 

malchites (diorites) 

(3) Plutonic rocks—comprising augite syenites both with and 

without elaeolite 
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The so called effusive rocks interpreted as contemporaneous lava 
flows in the l\rmian sediments exposed in the workings of the Luingstone 
mine 2 miles northeast of Cygnet (I ovett) township were discovered to 
lie thin sills or bedded dykes and in a hUi classihcation ( Twelvctrecs, 
1902) the effusive rocks were grouped with the intrusive rocks as 
dyke intrusions At this linic also Iwelvetrees (1902A) drew attention 
to the unusual rocks oecurnng at Hegitta Point on the western shore of 
1 ort Cygnet Ihesc he interpreted as the produits of the differentiation in 
s tu of a small stock which showed < iitward gradation from a core of 
yeiiitc through essexite to a margin of the rare rock type laeupirangite 
His identifications j£ these rock types were confirmed by Professor 
Rosenlmsch of Htidellierg to whom he submitted specimens and later by 
Paul (1906) who desciil)e<l in detiil the tolleition of Tasnunun igneous 
rocks sent to Kostnbusch by Iwelvetrees and made several chemical 
analysts of them I he first chemital anilyses (f any Pert Cygnet rocks 
were made hy McT eod and Ulntc (1899) 

In PX)7 IwcKettets agiin icdissificd the P t\t,iut r xks int ► 
two groups — 

(1) PlutoniL rocks—conipnsini' quartz augite syenite (akente) 

elaeolite syenite esstxiU monchiquitic shonkinite (inonchi 
(juitic nephelinitt of Paul) and jacupirangite all these types 
occurring chiefly at or near Regatta Point 

(2) Dyke rocks—cnmpiising ncphelme syenite porphyry (st metimes 

Ixanng hauyne) solvsbergite porphyry mica solvsbergite, 
tinguaite and tinguaite porphyry 

In 1917 Skeats describing various dykes from the Oyster Cove and 
Port Cygnet districts leferred lo them by the simpler description of alkali 
poiphyry 

pRFSFNT Work 

In 1937 tile author visited Port Cygnet to study in detail the supposed 
differentiated stock at Regatta Point Lxaminatu n of these rocks has 
shown that there is no differentiated stock and that most of the unusual 
rocks reported by Iwelvetrees and Paul such as essexites monchiquitit 
shonkmites and jaeupirangites are not differentiates of a syenitic magma 
hut hybrid rocks of very local development formed by reaction of a 
ix>tash rich magma with a body of Mesornic dolentc Mapping also revealed 
that a single type of fine grained alkali porphyry predominates throughout 
the district and that the unusual rock types that figure so largely m previous 
descriptions constitute somewhat less than 1 per cent of the total volume 
j£ Igneous rocks exposed 

Twelvetrets collections of rocks and thin sections have been dis|>crsed 
and the collection at Heidelberg described by Paul is not available This, 
combined with the absence of any previous geological map showing the 
ilistnhutum of their rocks types or even the location of the described 
six-cimens makes it difficult to correlate them always with the descriptions 
that follow T he collections of the Geology Departments of the McliKiurne 
and Sydney Universities include a number of specimens from this area which 
were put at the author’s disposal Ihcse specimens were gathered in the 
company of Twclvetrecs but Iheir localities are not always described 
precisely They do not differ however, m any particular from the rocks 
c vllectcd during the present investigation 
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The hrst geological map of the district wab made by Reid (1922) based 
on a recunnaibsance of the area m connettion with a study of the Sandfly 
coal measures This map outlines the general distribution of the Tertiary 
Igneous rocks without differentiating the types I he map ucompanying 
this paper (fig 2) ib Iwstd up n Kcid s imp Iht f rnili ic with some 
modifications being taken from an unpublished map prepared I y the late 
Dr A N Lewis of Hobart and generously placed at my dispi sal by him 
Rcidb boundanek have been considerably alteicd but the geological 
boundanes as now drawn are still conjectural in t, nuinl er ( f phees marked 
by broken boundaries in fig 2 However the possibility f my reluming 
to the aiea to complete the field work is so remote tln-t it is thought best 
to phcc the work on record as it n>w stands Ihc localities of anilysed 
specimens and other specimens specifically refcrrel in in the text arc 
indic'ited by numl)crs thus (81 ) on figs 2 and 4 

QeneraJ Geology 

The Tort Cygnet district is abiut W miles si nth of Ilrbirt I etween 
the D rntrecastcaux Channel on the east and the Iluon Estuary en the west 
and south It is divided centrally hj the Port Cygnet a tnluiary of the 
drowned Huon River system 1 he mam township is Cygnet f irmcrly 
called I ovett at the head of Port C>gnet Ihe area censists essentially of 
a broad belt of fiat lying and tilted mudstones and shales of Icimian age 
intruded by more or less north south belts of Mesozoic dolentc the more 
easterly dolentc masses being the mere extensive (fig 1) Ihe alkali rocks 
extend from Sturges Bay and Brotks Bay on the scuthem shore cf the 
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Huon Estuary, north-eastwards to Oyster Cove on the shore of D'Entre¬ 
casteaux Channel their continuity being mternipted by the belts of dolcnte 
that lie east of Mt Cygnet and the Etevils Royals 

Ihe alkali rocks outcrop chiefly in the form of a partly unroofed 
stock of syenite porphyry, which is intrusive into both the Permian 
sediments and the Mesozoic dolerite As is shown in Fig 2, it occupies the 
greater part of the squarish peninsula to the south west of Cygnet township 
between the drowned valleys forming the Huon Estuary and the Port 
Cygnet bstuary and extinds to Toby s Hill and Nicholl s Hill to the 
northeast and cast cf the t wnship rcsptitivtly The iirtguhi shipes of 
the outcrops and their discordant contacts suggest that the roof of the stock 
consists of d tries (f small steep sided cupolas 

Associated with the stock drt niinicrous dykes of syenite porphyiy of 
varying compositu ii Ihtsc intrude Ik th the stock the sedimentary rocks 
marginal to it and the doltntes Similar dykes outciop on the southern 
shore of the Huon Estuary at Sturges and Brooks Bay and to the 
north east of Cygntl in the eastern side of the Sells of dolente i number 
of identical syenite porphyry dykes and small sills occur in the vicinity of 
Woodbndge and Kettering and along the shore of D 1 nlrecastcaux C hannel 
from Little Oyster Cove to Peppermint Ba> 

The alkali rocks have induced only slight contact alteration ot thr 
Permian sediments and the dolerites I he sediments aie frequenti) silicified 
or indurated foi a few feet from the margins of the larger intrusions and 
the dolente shows slight uralili/ation Only at Regatta Point has dolente 
1 een found which has been intensely altered by the porphyries At this 
locality a d>kc like body of dolente was invaded by a potash rich magma 
presumably a differentute from the syenite porphvry slock and reaction 
lictwccn the pistash ruh magma and the dokiitc has given use tc a vanetv 
ol unusual hybrid rocks 


The Alkab Hooka 

The Sypmtf PoRiH'iRY (RaNATiTF) Intrusion 

The prevailing rock tyjje in the Port Cygnet district is a relatively 
fine grained syenite porphyry When fresh it is light grey to huff coloured 
and consists of closely crowded squarish phenocry&ts of plogioclase about 
1 to 2 mm long with more sparsely distributed larger white to pinkish 
phenocrysts of orthoclase about 5 mm across and numerous phenocrysts 
of hornblende ranging from 0 5 to 3 0 mm in length and generally 
smaller than the felspars set in a felspathic ground mass 

Thr plagioilase phenocrysts usually apixar idiomorphic in thin section 
and arc zoned Some crystals show oscillatory zoning The zoning is 
accomMnied by l>oth lamellar and Carlslwd twinning The plagiodase is 
optically positive and has a maximum extinction angle in the symmetrical 
zone at right nngles to (010) of about 25“ in the cores of th^. zoned crystals 
and about 20“ in the marginal zones Geavage flakes show a refractive 
index of 1 550 in one direction and a somewhat higher index in the 
direction at right angles Ihese optical properties indicate that the 
plagioclase is andesine about Ab^, m the cores of the crystals and Ab^g at 
the margins 

The orthoclase occurs as fewer but much larger idiomorphic crystals* 
which frequently include several smill idiomorphic crystals of plagioclase 
together with small crystals of hoinhlende or pyroxene Only one or two 
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fauch orthoclase crystals arc present per square inch of thin sections The 
included plagiodase crystals are smaller than the plagioclase crystals 
occumng free in the ground mass suggeshng that the orthoclase and 
plagiocli^ crystallized simultaneously Moreover there is an occasional 
parallel mtergrowth of orthoclase and plagi close MikIi of the orthoclase 
IS untwinned but some crystals show simple twinning borne crystals are 
cloudy owmg to sh^t kaolmization and there is a tendency for the 
kaolmization to develop zonally which suggests that the crystals show a 
zonal change m composition from core to margin like the plagioclase 
Cleavage fragments show refractive indices ranging from a little below to 
a little above 1 525 and the crystals arc optically negative with 2V about 
15® so that the felspar is perhaps best described as a variety of sanidme 
\ partial analysis of a composite hand picked sample reveals that it has a 
compositi n approaching Or^gAbirAngj (lahle 3) llie proportions of 
NaAlbijOp and CaAl^SiaOs indi aUd are probably hi^h owing to 
unavoidable contamination of tiu s da stnidme with snnll inclusi ms of 
plagioclase (andesine) Unusual thmgh this ctmpisivion i’^ it ippcars fiim 
Ailing s (1921 1 ig 19) di-ignm to 1 1 i ]) s ibit i nip siii n lor a high 
temperature felspar Mackinen s diagrams as reproduced by Ailing (1936 
p 72) suggest that felspars of the sanidine liarbicnte series (delta 
anorthoclase senes of Ailing) can carr> inoic C iVUSijOh m s lid s lution 
than other alkali felspars and that at temperatures f about 1CXX)°C 
felspar of a composition OriBAb 45 Ans^ could crystallize simultaneously 
with a plagioclase of composition about Or„Ab 4 o ^ 21 P rich 

andesine 

Accompanying the felspars in each section there arc a few rounded and 
embayed phene crysts of quartz about 0 S to 1 0 mm across 

llie proportion of ferroniagnesian minerals vanes frtm specimen to 
specimen Ihey include both hornblende and pyroxene which occur as 
prismatic phenocrysts about 0 5 mm long with occasional prisms up to 
j 0 mm long Hoinblende is invariably present but pyrcxcnc occuis only 
m occasional specimens The pyroxene was the earlier of the two to form 
*11 nee some phenocrysts consist of a core of pyroxene with a margin of 
hornblende The pyioxenc is green to colourless and non pleochroic It 
has an extinction angle of about 45° on the prism face and has a 2V 
greater than 45° so that it is an augite It is probably similar in composition 
to the analysed pyroxene whose composition is given in lable 6 Analysts 
No 1 Jhe analysed pyroxene was concentrated from a s>cnitic dyke 
(sanidine porphyry) at tne mouth of Deep Bay on the eastern side of the 
Port Cygnet Lstuaiy Ihe hornblende is pleochroic from brown to 
yellow green and can lie presumed to nave a i imposition close to that of 
the hornblende analysis shown in lable 6 Analysis No 4 Ihe analysed 
hornblende was taken from a dyke rock at T iltle Oyster Cove piactically 
identical in appearance with tht porphyries under discussion 

Other minerals present in the porphyries are magnetite sphene and 
apatite which occur as crystals up to 0 3 mm long The ground mass 
consists essentially of orthoclase in small squarish crystals about 0 02 mm 
across so that it has an orthophync texture At little interstitial quartz 
accompanies the orthoclase 

In thin sections the porphyncs closely resemble a dacitc or 
toscanite Their sycnitic affinities are more apparent from hand specimens 
and from their chemical composition Two chemical analyses were made 
one of a speamen from the saddle between I ymington and Wattle 
Grove near the centre of the Port Cygnet Peninsula (54), and 
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lie from the cliff outciop at Pctcheys Bay, near the south west comer of 
the peninsula (72) Inc first specimen contains both pyroxene and 
burnblcnde the second contains only hornblende and the hornblende is 
partly replaced by tagged areas of calcite and a little epidote These 
atnlyses are set out in lahle 1 Analysts Nos 1 and 2 together with 
analyses showing the iverage composition of akente and quartz-monzomte, 
the two rock types that most tlosely resemble the syenite porphyries m 
cliemicil composition The resembhnee is closer to the ikcnte than to the 
nuattz raonzi nite Imt in addition to the textural difference the porphyries 
<liffer mineralc gically fr im akente in that hornblende rather than pyroxene 
IS the dominant ferromagnesian mineral in them It ib possible that the 
I rphyry is chilled capping or bordci phase that passes into akente in 
depth siiRc akente has 1 cm nported to (cciir neir Lymington and at 
Regatta Point (Iwchctices 1907 p 9) but 1 <.k much sigmficaiicc should 
not Ik dtt idled to tluse re|X)rts 

The Lynungton occurrence is descnhid by Skeats (1917 p 157) as 
a dyke like liody of iktiiK oc uinnj^ at a point H miles up the Horeslcr 
Rivulet on the hick read from lymington to Mt Mary This area 
Is now under cultivation ind the ikcntc liody was not located during 
the I resent iiivcstigali m Iwo thin sections labelled as from this 
locality ( Hick Road ) arc included however among those loaned from 
the (rcology Dcpirtnicnt University of Sydney One of these (S 10001) 
appears to be i true akente Jt luiisists of large phenoerysts of sanidine up 
to 1 cm Itng in i c ^arsc gruind mass of clear plagioelase cloudy orlhochsc 
greenish pvn vciic and inuistitiil quniz Othti minerals present are sphme 
apatite and magnetite The individual felsiwr crystals of the ground mass 
tend to be uhoniorphic and are from 0 S to 1 0 mm long The plagtoclosc 
which predommites is stumgly zoned the cores consisting of liasic andesme 
while the margins consist of oligoclase The orthoelase associated with it 
contains a little e\ s< lution mitt ipcrthite In the hand bpccinien this rock 
docs not appeal notably different from tin typical syenite porphyiy and in 
thin section it sugf^ests i porphyry from whieh the fine ground mass has 
been excluded leaving only the phenotrysts erowiled together It closely 
resembles some of the minor dyke rocks deserilitd lielow as syeiiile aplites 
at Kegitta Point md <lsew‘ 

The second section (S10004) is a medium grained holo crystalline 
syenite, consisting essentially of orthoelase showing aboundaiit e\ solution 
micro[>erthUe and aegirine augite with a little interstitial quartz and some 
biotite apatite and sphenc 1 he orthixlase grains teml to be about 0 5 mni 
across but m patches are considerably smalhr Ihe aegirme augite crystals 
enclose eorts of colourless lugitt and are generally prismatic in form Ihi'^ 
rick also has its counterparls among the syenite aphtes of Regatta Point 

Akente is also lecorded to occur at Regatta Point (Twelvetrecs 1907) 
No such outcrop was observed during this investigation but two sections 
labelled akente from this locality in the collection of the University of 
Sydney (S 10002 and 10003) closely resemble some of the syenite 
dykes that occur in the zone of hybrid rocks at Regatta Point No 10002 
consists essentially of squarish crystals of plagioelase from 1 0 to 2 0 mm 
across sometimes cloudy at the centre and orthoelase with lesser amounts 
of quartz augite hornblende mignetite and apatite The orthoelase is 
chiefly interstitial to the plagioelase or foniis nnis around the plagioelase 
crystals which are stron^y zined The central zones of the plagioelase 
cryst^ consist of basic andesme and the marginal zones are ohgocase 
HomUende is much more abundant than the pyroxene which is colourless, 
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and the magnetite crystals are nmmcd with granules of sphene No 10003 
IS similar, but contains more orthoclase and quartz The orthoclase contains 
ex solution microperthite intergrowths and the plagioclase is restiicted to 
inclusions m large orthoclase crystals It is commonly altered to scncitic 
I r to zeolmc material 

1 here is a close chemical resemblance between the syenite porphyry 
and the banatite that forms the uppermost 7one of the differentiated 
laccolith of Mt Dromedary near Milton in New South Wales (I A 
Brown 1926) as can be seen from the analyses m Tabic I Holmes (1927) 
dchnition of a ‘ banatite as an orthoclase bearing quart/ duiite hts 
well with the general mmeralogical character of the Cygnet porphyry so 
that it seems better descnlied as a form of banatite rather than of ikerite 
Unfortunately lohannsen (1938 p W) rccomtntnds thit the term 
banatite * be disused on the grounds that it is vagui 1y defined and 
obsolescent 

If the resemblance to the Mt Dromedary rock is more than supcrhcial 
then It IS possible that the deeper lying rocks lu the Cygnet stock may be 
jf monzonitic or even shonkinitic character 

Dykj* Rocks 

Numerous dykes aic expt sui in the cliff sections of the Cvgnet 
Peninsula and in particular along Ixith shores of the Port Cygnet Lstuary 
Dykes are also exposed in vaiious roid cuttings uid ti a lesser extent 
elsewhere and m view of the thick soil cover that prevails over much of 
the area it may lie assumed that many more dykes occur than aie visible 
The dykes intrude the syenite iKiipIiyry stock the Permian sediments and 
the Mesozoic dolentes and me hide i variety of rock typts The sequence 
of intrusion of the diffeient types of dyke is not altogether clear 

S\J VI lb PORPHYKY DYKFS 

Dykes of syenite p jrphyi y that are practically identical in composition 
with the syenite porphyry of the mam ntrusion are found at interval^ 
iround its margin At Shag Point and Cipper Alley (hg 2) and alon^ 
the inlind loads leading frem I ymington to Wittle (jro\e and Petchey s 
Bay thev can Ic seen intrudeci into Pcrniun sediments Cl se t > Cygmt 
lett} one such dvkc ean be seen invading the doleritc exposed in the low 
clirfs (38) 

Along the eastern shoie of the Port Cygnet 1 stuary syenite porphyry 
dykes from 2 to 40 feet wide occui in profusion in the cliffs from north of 
Crooked Tree Point as far as the Gretn Point jetty intruding Permian 
sediments 

Occasional dykes of this type intiudcd into Mes(7oic dolcnte are 
exposed along tht coast between Wattle tirnvc and the south western comer 
of the Peninsula along the Hiion 1 sliiary 

A number of dykes and occasional small sills of similar syenite porphyry 
occur in the vicinity of Woodbndge and Kettering I hey are exposed along 
the shore of the D Fntrecasteaux Channel at Little Oyster Cove Perch Bay 
and Peppermint Bay and in road cuttings They liavc been descrilied by 
Skeats (1917) who showed lliat they intrude both the Permian sediments 
and the Mesozoic dolente Hornblende is the only ferromagnesian mineral 
present in these rocks and it occasionally occurs as clots several centimetres 
across An anal)sis of tlie h ml Icndc iii ne ot the dykes in I iltle Oyster 
Cove is shown in Table 6, Analysis No 4 
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Hauyne-Sanzdine-Ga&nbt-Porphyry Dykes 

This striking rock, known locally as ‘ magpie rock/* occurs in a senes 
of dykes and plugs extending northwards from Tobys Hill north and 
north-east of Cygnet township (Rg 2) The Livmgstone gold mine was 
situated on the contact of one such dyke on the north west flank of 
Livmgstone Hill which is a spur of Tobys Hill The rock consists of 
numerous white to glassy tablets of santdine up to 20 0 mm long by 
1 0 mm thick together with crystals of black garnet 1 to 2 0 mm 
across, and less numerous black prisms of hornblende or pyroxene, up to 
3 mm by 1 mm set in a grey felspathic ground mass The sanidine 
phenocrysts generally show pai^lel alignment with the strike of the dyke 
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rhm sections show that in addition to the sanidme phcnocry^ts there 
are smaller phenocrysts of zoned plagioclase with almost straight extinction 
indicating that it is oligoclase alwut Ab^ and numerous microphenocrysts 
of more or less altered hauyne up to 0 3 in width but generally smaller 
The hauyne occurs as inclusions in the sanidine phenocrysts and free in the 
ground moss It is identified by ita isclr(|Mt chuactei its ctnsistent 
hexagonal form and its refractive index which is below that of sanidme 
It 13 commonly altered completely to a fibrous zeolite substance presumably 
natrolite More tarely it has altered to analcite or his been preserved 
unaltered In some sections the hauyne crxstals irc fl eked with specks < f 
bluish black dust Some of the hauyne crystals arc altered t:> a mKacei us 
aggregate Rosenbusch suggested that these crystals represented altered 
nephcline but their invariable hexagonal outline favours hauyne rather 
than nepheline 

1 be girnet is a 1 rowii melinite as is prove I by a chemical analysis of 
a smill ample extracted frt m nc spctimen { I able 6 Analy is N j b'l 
It occurs as stiongly zoned idiomorphic crysiils ah iit 0 5 min across 
frequently forming clusters (Plate IV fig 1) and sometimes intergrown 
with hornblende or pyroxene 

The hornblende occurs commonly in small prisms which are pleochroic 
from deep brown to deep green An analysis of a small purified sample 
indicates that it is an iron rich variety of hornblende with a low magnesia 
content (Table 6 Analysis No 5) and relatively rich in potash and soda 
In these respects it is comparable with the hornblendes f und in 
alkali syenites and ielated rocks 

Ihe pyroxene m some sections is aeginne strongly pleochrric from 
green to yellow and with a small extinction angle In other specimens it 
IS aeginne augite often with a core cf colourless augite m every nspect 
similar to the pyroxene found in the syenite porphyr) 

In addition there are occasional coarse crystils of sphene and apatite 
though these minerals arc n t as abundant as m other rocks of the district 

The i,r und mass has i { d t ixitic I t ich>t c tcxtiiic an 1 tonsisls 
essentially of crthxlasc munlites with fine shreds f hornblende niinut 
flakes of yelk w brown In itite granules of brown ramet and granules of 
magnetite Some of the minute hornblende shreds show a blue pleuchroism 
suggestive of ricbcckitc 

V chemKiI analysis of a typical rock (110) is shewn in I able 2 
Analysis No 2 fhe analjsis with its high contents of potash soda and 
lime and its under saturated character with respect to silica emphasizes 
the unu'iual character of the rock 

On the western shore c f the Port Cygnet Estuary immediately south of 
the jetty at the northern headland of Copper Alley (fig 2) there occur 
two dykes about 10 feet wide identical m appearance with this rock One 
or other of these dykes appears to be the source of the rock described 1^ 
Rosenbusch as a fine grained elaeolite syenite (1 wclvetrces 1901 p 2 
1902 p 296) The d>ke rock from south of the Regatta Ciround 
descnlved by Rosenbusch is a garnetiferous nnca solvsbcigitc (Twelve 
trees 1901 p 3) and analysed by Paul (1906) (Fable 2 Analysis A) 
was proliably from this locality It is also probable that one of these dyke» 
IS the garnet trachvte analysed by McL«od and White (1899) The 
analysis is quoted in Table 2 Analysis B 

A closely similar rock is exposed in a quarry just north of the loaJ 
leading off from Regatta Point across the peninsula to Wattle Grove (81) 
Exposures are poor but the rock is apparently a dyke intruding the 
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s)cnite porphyry, or else U is a deeper tying portion of the mam intrusion 
IHl sdiiidinc phenocrysts are light-grey and approach more doseiy the 
colour of the ground mass than those of the clyke rocks just described 
They h(.k pronounced parallel alignment and the ground mass is somewhat 
LOtrscr grained with an orthophync texture In addition, the rock contains 
more hornblende and less gaiiiet Ihe hornblende frequently enclosea 
remnants of pyroxene and occ isional grams have a core of colourless 
lugiie ihc garnet is hmr grained than in the Tobys Hill dykes and does 
now show such well developed zoning It is generally intergrown with the 
hoi nblendc sometimes in glomerop>orphyritic clots Magnetite and occasional 
crystals of sphene are generally associated with the garnet hornblende 
clots and the association of these minerals is such as to suggest that all 
four are products of the breakdown of aiigitc Occasional coarse crystals 
c f sphene and apatite are also distributed through the ground mass Some 
hornblende occurs m the ground mass wliere it is patchily distributed in 
small granules and pnsms and granules of magnetite are uniformly 
distributed through the ground mass 

Hauyne microphcnocrysts are present more abundantly than in the 
Tobys Hill rocks Ihc hauyne is gcntially altered to a acohtic substance 
whether included m the sanidine phenocrysts or free in the ground mass 
(Plate IV fig 2) The small plagioclase phenocrysts are corroded and 
aimoured with a nm of orthoclase 

A chemical analysis of this rock Table 2 Analysis No 1 shows that 
It IS a little more acid and contains rather less soda than the analysed 
rock from Tobys Hill but is otherwise similar 

Dykes that closely resemble this rock except that they ajiparently 
contain no hauyne have been found at Petchey s Bay and at One tree 
Point 

Sanjdinl Garniii PoRniYRY Dvkis 

Closely related to the magpie rocks are dykes of a still coirscr 
sanultne garnet porphyry known locally as biscuit rock in which the 
abundant sanidine phenocrysts commonly measure 3 0 cm x 2 0 cm x 0 5 
cm These large phenocrysts which are white to buff toloured are set 
in a grey f el spathic matrix that is spotted with black phenocrysts of garnet 
about 1 to 2 mm across Dykes of this rock have been found intruding 
the syenite porphyry stock near the centre of the C ygnet Peninsula (66) 
and at Toby s Hill and Nicholl s Hill Similar dykes arc exposed in 
cuttings thioiigh Ptrmiin stdmnnts al ng the I ynimgton to Wattle Grove 
road at points 1 mile and 2 miles from I ymington (hg 2) 

The exposed rock at all these localities is somewhat weathered so that 
it IS not iHJssihle to establish the presence of hauyne in tht lock with 
certainty Ihin sections show the presence of a number of more or less 
hexagonal areas now completely altered to micaceous substances These 
areas occur Imth in the trachytic ground mass and as inclusions in the 
sanidine phenocrysts and they closely resemble in form and disposition the 
hauyne crystals of the magpie rock Some of the micaceous patches m 
the ground mass may represent altered ferromagnesian minerals since 
fc rromagncbian minerals other than the melanite garnet appear to be absent 
from the * biscuit rock' fhe chief point of difference from the magpie 
rock however is the smaller proportion of plagioclase present Moreover 
partial analyses of the coarse sanidme phenocrysts of the two rocks mdicatc 
that the sanidine in the ' biscuit rock is ndier in potash Uian the sanidme 
in the * nuiCTie rock " (Table 3), and has a composition approximating 
to OrjjAhieAn. 
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bAN DINE DrUTlTE PoRPHYRY UyKE 

Neat ihe Mt Mary mint occuis i dyke rock which containB rather 
sparsely distnbuted megiphenocrysts ot saiiidine conipiiablc in si7t and 
appearance with those of the biscuit lock They are s>mewhai 
seriuttrcd and are set in a ground mass of pKgiochsc laths nul intciseital 
orthoclase studded ilh ragged hths and patches of biotite up t > 1 0 mm 
long and with idiomorphic crystals* of magnetite of alnnit the same 
dimehsions Numerous small flakes of biotite and inusiovite occur in the 
interstices of the orthoclase hrhs The larger Hikes f li titi irc ften 
composite clusteis of numerous minute flakes so arranged as to piestrve 
the crystal outlines of a pre existing he rnblendc ! lie lutitc ind nngnctite 
appear to be derived from the reaction of the hornblende with the potash luh 
residue that formed the ground mass The plagioclase laths of the ground 
mass show straight extinction so that they are oligoclase about \\ A 
little apatite and sphene arc present as 'icccssoncs but there is no gainet 

Sanidink-Porphyry Dykes (Trachytes) 

N irrow dykes that closely resemble trrehytes occur mti udmg the 
metamorphosed dolerite at Regatta Point (1 2) and at the mouth of Deep 
Hd> Ihc dykes at Regatta Point consist of a number of small simply- 
twinned crv*ttels of sida sanidint up to 2 mm long with microphcnociysls 
c f dugilc showing some aUemtion to hornblende ind an occasionil garnet, 
set in a tnchytic ground mass of orthoclase laths and uniformly distributed 
minute crystals of garnet prisms ot green hornblende, and granules of 
magnetite The sanidine crystals ill contiin abundant microperthite and 
ir seems probable from their situation in the zone of thermal metamorphism, 
that the unmixing of the micropcilhitc resiil ed fn m the reheating of the 
mctastahle soda sanidint solid solution A further indication that these 
dykes probably predate the metamorphism and hybridization ul the dolerite 
1 provided by a specimen (12) from the zone of hybndizalion whose 
outcrop was largely hidden by sand but which appears in thin section to 
be a somewhat altered and reeryslalliztd trachytic dyke 

Sanidinf Tincuaite Dykfs 

Immeclialcly north ot the jetty at the northern headland of Coppei 
Alley two coarsely porphyntic dykes outcrop on the beich They consist 
of large white to liutT phenocrysls of sanidine set in a dense green ground 
mass Ihe dykes are each about 1 feet wide and have narrow chilled 
marginc against the Permian sediments which they intrude and which are 
indurated at the contacts Ihc sanidine phenocrysts tend to he aligned 
parallel to the long axes of tht dykes lhe> measure about 2 0 cm \ 1 0 
cm X 0 1 cm and are somewhat clouded The tloiidy areas are restricted 
to areas of exsnhitun micr ipcithitc tint arc inmmonl) iltvcloped in th 
central parts of the crystals Such microperthite is absent from the 
marginal parts of the crystals which are clear and the perthitic core is 
often diflfercntiated from the clear margin by a distinct zonal structure 
The microperthite shows lamellar twinning with a symmetrical extinction 
angle of about 5° and it has refractive indices which straddle that of the 
inclosing sanidine so that it consists of albite oligoclase about Ab„ It lies 
in the cleavage direction of the sanidine elongated parallel to the prism 
faces The sanidine crystals also contain small inclusions of apatite thd 
reedles of aeginne and occasionally microphenocrysts of aeginne and 
melanite garnet The aeginne crystals are generally zoned and some have 
a core of colourless augite Some contain small inclusions of garnet The 
extreme margins of the sanidine crystals are often impregnated to a depth of 
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about 0 1 mtn, with nunute needles of aeginnc all lying with their long axea 
more or less parallel to the crystal boundary A partial analysis of the 
sanidinc from the more southerly dyke (93) shows that like the coarse 
■inidine crystals in the other dyke rocks it has a considerable soda content 
(fable 3) Ihe calculated compobition of the sanidine is Or^rAbigAnu 

Accompanying the sanidine phcnocrysts are muth smaller micro- 
phenocrysts of onhocl'ise and aeginne Ihc aeginne which tends to occur 
in clots IS often altered to a se<.( ndary white mica 

Ihe ground mass has a tinguaitic texture it consists of a felted mass 
of aeginne needles about 0 1 mm x 0 01 mm inlcrCTown with micro- 
crystalline orihoclase and a little oligoclasc Ihe fdspars tend to be 
lath shaped, and m places show dm structure borne iiephcline may occur 
in the ground mass but it has net been idcntihed with certainty although 
Roscnlmsch ilaims in liuc ditcctcd it (Iweivttrces 1*X)1 p 3) Dispersed 
through the ground mass arc occasional lens shaped ireas which consist of 
relatively coarse laths of oligoclase intergrown with orthoclase, and equally 
large prisms of aeginne In some of these areas there are grams of 
andalusite strongly pleochroic from rose pink to colouiless In addition, 
there are occasional crystals of apatite and sphenc 

Jo the north of these two dykes is a third giccn djkc which lacks the 
coai se sanidmt phenocrysts V thin section reveals an occasional phciiocryst 
of sanidinc and of aeginne with a core of colourless augtte, in a micro 
crystalline ground misn of icgnint nccd1e'> and orthcclase laths showing 
pronounced paiallel orientation Distnhulcd thrrugh the giound mass are 
ntunerous small areas of a colourless mineral with low birefringence which 
would appear to be neplicline except that it appears biaxial and optically 
positive 

A further tinguaite dyke (9o) r uteri i)s on the hillside above the 
Mt Mary mine This rock is identical with those just described except 
that it contains fewer coarse phenocrysts of sanidine and that in the coarser 
patches of the ground mass the place i f andalusiit is taken b\ a colourless 
mineral that resembles sc ipolite It has a higher refractive index than the 
plates of felspar with whuh it is intergrown is uniaxial and negative with 
straight extinction parallel to the prismatic cleavage and has a moderately 
high birefringence Crystals showing an optical hgure have low polarization 
colours and are commonly crowded with inclusions m their central parts 
It may be noted that Daly (19?3 p S27) records the occurrence of primary 
scapohte in nephehne syenite from tlie Hastings Hahburton district of 
Ontario ind Kiiifrl t (1900 p 28f>) has rtioulcd it m the ground mass of a 
Icucitc l)caring tinguaite from Spotted I awn Creek in the Yukon 

Iwclvctrces (1898) originally icfened to these coarsely porphyntic 
locks as acgiiinc trachytes Koscnbusth suggested that this name should 
be amended to tinguaite pi rphyry or better solvsbergite porphyry (1 wclve- 
trecs 1901 p 3) i hey have al o been called tinguaite solvsbergite 
jK)rph>rv (bkeals 191/) Chcmual analyses wcie made of the mure 
southerly poiphyntic dyke (93) immediately north of Copper Alley jetty, 
and of the dyke (95) alxive tlu Mt Mary mire (Table 2 Analyses Nos 3 
aad 4) Tlic aualvsea conhrm the tinguaite like diaracler of the rocks but 
reveal that they are unusually rich m potash and poor in soda for typical 
tinmiaites (Tabic 2 Analjsis C) J hey are too poor in silica and soda, 
and too rich in lime and potash to be regarded as solvsbergites or their 
equivalents (lablc ^ Vnalysis Jb) An approximate match is piovidcd by 
a tinguaite witli sanidine phenocrysts from the Bearpaw Mountains of 
Montana (Weed and Pirsson 1896) ( fable 3 Analysis D), but thu rock 
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contains definite nepheiine and sodalite in the ground-mass, whereas the 
soda in the Port C)^et rocks occurs chiefly as a constituent of the felspar 
and the aegirine. The term ** sanidine-tinguaite" has been adopted here 
for the Cygnet rocks as more descriptive than tinguaite-porphyry. 

Svenite-Aplite and Syenite-Pegmatite Dykes. 

Buff-coloured dykes, veins, and schlieren of syemte-aplite and syenite- 
pegmatite occur at a numliei of points along the Ix^ach and cliff section in 
the vicinity of Regatta Point, and occasional dykes of this character outcrop 
in the cliffs near Petchey’s Hay, and along the eastern shore of the i’orL 
Cygnet Estuary. The dykes are up <o 6 feet wide, and in exceptional 
cases 10 feet wide, and can be divided into two groups, those with typical 
aplitic texture, pnd Th(»'.r ctnist'-ting of coirse plates uf Hamdine, up to 
“3*0 cm. long, closely packed in a finer felspathic matrix. The former are 
referred to here as syenite-aplites. and the latter as sytinte-]>egniatuc^. 
Their late origin is proved by the fact that they intrude the v^liole group 
of hybrid rocks extxjsed at Regatta Point. 

The aplites, though apparently uniform in the hand specimen, are 
somewhat vanahle in compusilion Some (6a) consist essentially of 
interlocking equigranular grains of cloudy orthoclase, from 0*5 to 1-0 nun. 
across. Associated with the orthoclase arc occasional giains of oliguclase, 
and rather more luuuerous grams uf quart/ 'Jhc orthoclase crystals 
frequently contain some micropcrlhitic albite m their cential ]xiils, though 
not in their margins. The oligoclase crystals are generally stnallci and more 
prismatic than the orthoclase crystals Tlic quaitz tends to lie interstitial 
in addition, there is a little brown biotitc, a grain or more of magnetite, or 
of an altered ferro-magiicsian inineial, and an occasional gram of apatite 
and zircon. One specimen contained a number tif small iiregular-shaped 
grains of blue corundum, with which was associated a little muscovite. 

Ill some of the aphtes (17)f the plagioclase occurs as rather larger 
zoned crystals, and about equals the orthoclase in amount. 'J'he cores of 
the zoned crystals are a basic andesme, while the margins consist of 
oligoclase. The marginal oligoclase is generally cloudy, but the cores of 
andesinc are clear, or are stained yellow along fractures. The small amount 
of quartz in such rocks is interstitial. Coarse crystals of sphenc, up to 
0-3 mm. in length, are dispersed through these rocks, together with 
occasional prisms of aegirine-augilc, or colourless augile, the latter generally 
included in crystals of plagioclase. Some of the aegirine-augite crystals 
have a core of colourless augite. I'he fcrromagncsian minerals arc in 
places altered to chloritic substances, or to limnmtc, and the coarser ferro- 
magnesian crystals are somewhat corroded Rocks of this type (17) arc 
identical with the rocks lalielled “akerite, from Regatta Point”, in the 
collection of the Sydney University Geology Department (S. 10002, 
S.10003); and they bear a general resemblance to the syenite-porphyry. 

The syenite-pegmatites (25, 26, 31) consist of abundant coarse tablets 
of sanidine, set in a ground-mass of coarse orthoclase plates, numerous 
coarse grains of magnetite, and a little green pyroxene, together with a 
small amount of interstitial muscovite and occasional coarse crystals of 
sphene. Much of the felspar is cloudy, and shows slight alteration to 
seriate or muscovite The coarse phenocrysts of sanidine contain patches 
of ex-solution microperthite, consisting of albite showing lamellar twinning, 
but the ground-mass orthoclase is Tree of ‘^uch pertlvite, and there is 
practically no plagioclase associated with it, and very little quartz in the 
interstices. Some of the coarse sanidine crystals show isolated broad twin 
lam^ae, which is perhaps the result of parallel growth of crystals. One 
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Kuch dyke contained a proportion of ferroniagnesian mmcrats, but they 
are so largely altered to indeterminate chlontic substances that the origin^ 
minerals cannot be identified 

A chemical analysis of a typical pegmatite (25) gave the composition 
shown in I able 2 \nalysis No 5 Ihc analysis emphasises the fact that 
the rock IS essentially fels[ur and indicates that the sanidme m this rock» 
as in the others contains a relatively high proportion of soda 

(jARNIT OrIHOCLASHL DYKbS 

Occasional dykes of garnet optlioclase rock, alnjut I ft wide are 
exposed in the beich section at Regatta Point These rocks closely resemble 
lilt syenite aplitc dykes espcciall) when weathered but differ from them 
in that they contain a notable amount of brown melanite garnet They are 
slightly younger tlian the aplites because instances were noted where a 
garnet urthoc&se dyke (28) cut and displaced a syenite aplite dyke 

In the hind specimen they aie fine giaincd buff to pink rocks consisting 
of an occasional ])henocr>st of sinuhiic in an cqiiigranuhr ground mass 
of felspar and dark fcrromignesi in minerals Thin sections (19) show 
that the rock consists of occasional phencKrysts of saniclme microperthite, 
up to 1 0 cm \ 0 5 aw in i ^i uni uu^ if orthochse micropertlutc 
melanite garnet and acginne augtte, m which the individual grams are 
about 0 0 mm across Ihc pyroxene is gtncnllv prismatic and commonly 
consists of a core of colourless augitc siinoundcd by a rim of deep green 
icginnc 'uigilc Ihc girnct iml tlu pxroxcnc tend to occur in clots together^ 
m association with cinrse crystals of sphene The garnet and the aegirme 
augitc are in places intimately intcrgrown ind it seems possible that they are 
products cd the rt iclinii of the migmi prior to complete crystallization 
with some pre existing mineral, either augite or homblentle Other 
minerals present, in small amounts are brown biotite and apatite 

Some of the garnet orthoclasitc dykes (28) carry green hornblende 
as well as aeginnc augitc, and numerous small grams of magnetite In 
places biotite and garnet intimately associated, form fringes about remnants 
of the hoinhlende being clearly derived from its reaction with the potash- 
nch residiul migiin that formed the ground mass 

A chemical analysis of a garnet ortJioclasite (19) that earned only 
pyroxene with the garnet, is shown in Table 2 Analysis 6 The rock is 
distinctly richer in lime than the syenite pegmatite, with a little more soda, 
and pi oportionately less potash It is also distinctly ncher in phosphorus 
When allowance is made for the grcatei content of ferromagnesians in 
this rock It IS seen that the felspar is generally similar to that of the aplitcs 
and pegmatites 


COMIOSITION or THF FeI SPAR PhENOCRYSTS 

Jn all these alkali rocks, with the exception of the tinguaites, 
phenocrysts of plagioclase and sanidinc are found side by side and from 
I heir association appear to have crystallized simultaneously Partial 
analysts were made of hand picked samples of the sanidinf phenocrysts in 
several of the rock types, and these together with the calculated compositions 
of the pheniKrysts are set out in Table 3 The sanidmes m the tinguaites 
and m the hduyne-sanidme-gamet porphyry dykes are closely similar in 
composition, and are distinctly richer in potash than the sanidme phenocrysts 
in the syemte-poryhyry intrusion and presumably in the corresponding 
s>cntle-iK)rphyrv dvkes Ihe fcNpars m the syenite-pegmatite appear tf 
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be btill more potassic asbuniing that the potash and soda in the rock analysis 
t Table 2 Analysis No 5) reflects the composition of the felspar while 
the sanidme phenocrysts in the biscuit rocks (sanidinc garnet porphyries) 
are still more potassic The age reUli uships of the dyke locks to one mothei 
IS not cleat tut the general impreiisKn is v^ainecl tint there his bten a more 
or less progressive increase in the KAlSi^Og lontcnt of the smidinc as 
differentiation has progressed Ihis impression is strLivlheiied by the 
common development of micrc jicrthile in the coic of the samdine crystds 
and its absence from the marginal zones of such crystals Ailing s 
(1936 p 72) diagrams mdicite tint with slow cooling unmixing f sdul 
solutions of albite and ortlioclase (barbientc and binuliiic) tikes phee 
to an increasing degree It may be issumed therefore thit the cores of 
the sanidinc ciystals ccntaining mien perthitc cr\stalli/c(l it highci 
temperatures and were mtic soda rich than the marginal /ones cf the 
crystals and that on cooling to the lempcrilure it \\hich the marginal 
/ones crystallizeil the soda ruh coies unmixed Ihe marginal zones though 
solid solutions were poorer m soda and so more stable I here is therefore 
good evidence of pronounced fractional crystallization in the development 
of the felspars 

Parallel with the enrichment of the sanidme in KMSiO, thcic was 
a progressive enrichment of the associated phgioclast phtn ciysts in 
\aAlSi Oa which is revealed by the changing extimtnn ingles of these 
crystals Ixth withm individual zoned crystals and from rock tc reck The 
sitnullineous changes in composition of the two senes of ftlsfiars is indicated 
diagranurnticilly in fig 3 in which the KAlSi^O, content of the phgioclist 
IS issumed from \lling s data The limits ol the immiscibility gip between 
Or and An and lietween Or and Ab arc taken from his three chmensirnal 
diagram for the system Or Ab An (Ailing 1936) 
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Okigin of thb Garnet, 

The garnet in potash-rich dyke rocks is a t^ical tnelanite (Table 6, 
Analysis No. 8) such as characterises some varieties of highly alkalic rock. 
It is a primary reaction mineral, and appears to have originated from a 
leaction of earlier formed augite or hornblende with the residual potassic 
magma that forms the ground-mass of the rocks. The fprromagnesian 
minerals, whether augite or hfimblende, appear to have persisted in existence 
until a relatively low temperature, so that when they became unstable and 
reacted with the potassic magma, the lime in them was unable to crystallize 
as ()lagioc1ase. Some proportion of it was accommodated in the sodic 
plagiocTasc crystallizing at the time the ferromagnesians became unstable, 
and some was accommodated in the sanicline, but the amount of lime that 
could be accommodated in these minerals was limited by the temperature 
of the magma, and was decreasing with further fall in temperature. The 
magma, however, was .saturated with respect to alumina, so that the linie- 
gamet molecule became a substitute for the higher temperature lime- 
plagindase mtilccule, and portion of the iron from the ferromagnesian 
minerals was also included in the garnet. The magnesia from the 
ferromagnesian mineral tended to combine with the potash of the magma 
to form biotitc 

This process, of the reaction of ferromagnesian mineraK with potash- 
rich fluid, after l>ecoming iinstahle at a relatively low temperature, with 
the subsequent formation of melanite garnet and biotite, can be followed 
in detail in the hybrid rocks next to be described. In these rocks the 
process is seen in exaggcraletl form, because the hybridization involves 
the incorporation of a considerable proportion of ferromagnesian minerals 
directly into a potash-rich rest-magma. 

McLeod and AVhite fl899) descnbecl the occurrence of a garnet of 
most unusual composiiion (Taldc 6, Analysis B> from a gamel-trachyte " 
dyke south of "Regatta Point, and proposed the name johnstonotitc *' for 
it. The locality of this dyke was not given with exactitude, but it appears 
to have been one of the hauync-santdinc-gamet-porphyry dykes immediately 
south of the jetty on the northern headland of Copper Alley The uniform 
appearance of the garnet in this rock and in all the rocks examined raises 
doubt as to whether the sample of garnet analysed by McLeod and White 
was pure Its high manganese content contrasts strongly with the low 
manganese content of all the analysed rocks other thaji this dyke (Table 2, 
Analysis B) 

Hornblende. 

The analyses of the hornblende from the syenite-porphyry dyke at 
Little Oyster Cove, and from the presumably younger hauyne-sanidine- 
garnet-porphyry dyke on Toby’s Hill, (Table 6. Analyses Nos. 4 and 5) 
.suggests that there was a tendency for the iron and lime contents of the 
ferromagnesian minerals to increase relative to the magnesium content as 
differentiation progressed 

The Hybrid Rooks of Regatta Point 

A belt of hybrid rocks, formed from the reaction of a potash-rich 
syenitic magma with a body of earlier intruded dolerite, is exposed in the 
beach and cliff section, extending southwards from the Cygnet jetty for 
aliout 8(X) yd., past Regatta Point (fig. 4). The least altered dolerite is 
at the northern end of the section, close to the jetty. The shape of the 
dolerite body is not clear from the exposures, but it appears to have been 
0 moderately large dyke, trending oblique to the cliff line. 
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The rock exposures can be divided into four sections of unequal length, 
which can lx: distinguished in the field, and correspond to the appearance 
or disappearance of various minerals that mark stages in the process of 
hybridization. The first section, which extends for alK)ut 200 yards south 
from the jetty, nearly to Regatta Point, consists of dolerile that has been 
altered chiefly by contact metamorphism, with a more or less complete 
transformation of the pyroxene of the dolerite to hornblende and magnetite. 
A little potash and silica ap])ear to have lieen introduced during the 
metamurphism, but the change in chemical composition of the rock as a 
whole throughout this section is slight, and the rock still preserves its 
doleritic texture, and its dark colour. At the northern end of the section, 
10896/40,—7 
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the d< lente is traversed by a dyke t f sytmtc porphyry and two sanidiiie 
porphyry (tnchyte) <lykcs lhe‘^j d^kes were intruded lief ore the 
liybridi/ation because they appear to have suffered thermal metamorphism 
At the southern end of the section there are aKo several narrow dykes of 
syenite aplite and syemte pcgnntitc intnidint the dolentc 

J he seemd section is ftily ai>oiit 50 yards long and is marked by the 
breakdown of the plagic close of the dolcnte which results in the 
dis ippearance of the dolentic lexiurc from the reck This was accompanied 
by a transfi rmation of the see ndary hornblende to colourless lugile and 
1 y the introduction of potash an I perhaps silica in increasing amounts 
The rod though dark has a gi itiular speckled appearance in hand 
specimen 

Ihc thud section which extends round from the face of Regatta 
foint to the head of the cnila>ment on its southern side a distance of 
about 200 yards consists of true hybnd rocks rich m both lime and potash 
In these rocks the augite foinicl m the stage of reaction equivalent ti 
that of the narrow transition zone has reacted more or less a mpUttiy 
with the potash IKh niigina tc f nn hmc ir n girnit (uichnite) and 
butite while any titania has liccn precipitated as coarse crystals of sphenc 
The greatest variation in n ck tyiies is f( unci in this section The rocks 
can Ic divided into three gr ups (1) these as rich or richer in lime 
than the dolcnte (2) those pcorcr m hme thin the dolcnte and grading 
into syenite and (3) dike rocks consisting cf syenite aplite s>enitc 
pegmatite and occasion ally garnet orthoclasite which are younger than 
the hybrid i cks Ihe vinous types of hvhtid r ck show n^ regular 
distribution 1 ut occur in irregular pilches and schlieren and show rapid 
transition from one to another 

At the southern end of this section the hybnd rocks grade into a 
fourth section consisting of a contaminated syenilic rock which is cut 
by numerous narrow dykes of syenite aplite and syenite pegmatite with 
in occasional dyke of garnet orthoclasite This rock differs but little from 
the potash rich lime poor rocks of the hybnd zone and is net described 
separately 


Thl Dolerite 

Where least affected by the syenitic magma the dolcnte (36) consists 
essentially of basic plagiuclase (labradontc about Ab 4 ,) and p>roxene 
with a small amount of granophyncally intergrown quartz and alkali 
telspar probably orthoclase ui view of the rehlively high potash content 
of the rock (lable 4 Analysis No 1) in the interstices of the plagioclase 
liths Two pyroxenes are present generally closely associated or inter 
grown and is is characteristic of the Mesozoic clolerites in 'lasmania 
(Ldwards 1942) one is 'in augite with 2V greater than 45 degrees while 
the other is a nearly uni'ixial pigejniie Both occur -is crystals up to 
2 0 mm X 0 5 mm and show nrominent sablite striatuns in a dircitiou 
making an angle of 10 degrees with the prismatic cleavage In some sections 
they tend to ophitie relationship with the plagioclase which occurs as 
stumpy unonented laths generally about 0 25 mm x 0 05 mm with 
ouisional ciaiscr platy crystals 

The margins of the pyroxene grains are frequently choked with 
magnetite dust and generally show some alteration to green hornblende 
In some specimens (36) this alteration is relatively slight (Plate IV 
fig 5) in others (la) the zone of hornblende is as wide as the core of 
unaltered pyroxene but the chemical composition of the rocks shows little 
difference (Tabic 4 Analyses Nos 1 and 2) The hornblende in the rock 
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19 denved solely from the breakdown of the pyroxeneb under the conditions 
of contact metamorphism It ib pleochroic with X — pale yellow Y — 
ydlowiflh green, Z — deep green 

1 he original magnetite of the dolente occurs as sparse grains up to 
0 25 mm x 0 2S mm It is generally surrounded by a reaction inn of 
minute flakes of hiotite which tend to grow columnar fashion normal to 
the surface of the magnetite gram fhe biotite is pleochroiL from straw 
yelloi^ to <leep lirown Such secondary biotite is developed only from 
the original coarse magnetite and does not otcur with the magnetite dust 
in the margins of the pyroxene Such biotite fringes around magnetite 
grains are not normal to the dolente and appeal to be a product if reactions 
inducecl by the contact nietamorphism 

Qiwit/ <ctiiis in sniill am unis 1 in even s> is pttstiu in 
amounts for typical dnlcnlc and it seems possible that some of it has 
bcai introduced from the syenitic magma tt gether witli the ortliuclase 
that forms piicrogranoplij ric intergn wths with it 

Chemical anal>ses of the little altered dolente (36) (labic 4 Anilysis 
No 1) and of its composite pyroxene (Jable 6 ^naly^ls No show tint 
the rock is a eonsulei ably difltrcntiated phise of the Mesoroic dolentes 
that are so widespread in this ind othei parts of lasniania Ihe analyses 
show that it differs fum destnbed vanations of the dolentes in that it 
tontains almost twice as much MgO and sevtial per etnt less A1 (>, 
than any previously anilvsed lasnaniaii dokrite lontlining only 9 5^ 
CaO rills indicates that it his in unusually high content of pyroxene 
for the stage of (UtTercntiatum torrespomling to its LaO toiiUnt and to 
the relatively iron rich character of its pyroxene It has been postulated 
from a study of the large dyke like mass of dolente of Gunning s Sugailoaf 
in the Midlands district of Tasmania (Edwards 1Q42 pp 474 604) that 
such rocks are to be expected at depths unspeeihed in dyke masses that 
have undergone differentiation afUr implaeement but the Regatta Point 
dolente may not have originated in this way 

A narrow <lykc ot unaltered dolente ('40) intruded into the Permian 
sediments on the south side of Copper Alley alxiut a mile south of R^atta 
Point (fig 2) shows a comparable richness m MgO relative to CaO (Table 
4 Analysis No 5) Ihis dyke is onlj 2 feet wide so that it could not 
have undergone differentiation to such a degree after its emplacement 
It provides therefore the first recognized instance m lasminia of intrusioi\ 
of dolente magma either after it had undergone differentiation or eKe 
when It was in process of differentiating 1 he dolente at Regatta Point 
which appears to be a somewhat larger dyke though not remotely eunip irable 
in size with the dvke like mass forming Gunmngs Surarloaf, also probably 
underwent differentiation prior to its emplacemtiU Under such conditions 
It IS possible th t lifterential movement of the already formed crystals and 
of the still fluid portion of the magma (filter press aetioi^ may have 
contnliuted to its unusual composition, and to that of the (Topper Alley 
dyke 

From Twchctrccs (1902a) description of the distribution ot the 
various rock types at Regatta Point one would conclude that the 
metamorphosed dolente corresponded to his so called jacupnangitc 
Comparison of the analyses of the dolente with those of jacupirangitc 
(Table 4, Analyses A B) show how unlike the two rock are It 
19 apparent however from the descriptions of the rock given by Roscnbusch 
(Tweivctrecs 1902a) and by Paul (1906) that the so called ‘ jacupirangitc' 
consisted chiefly of aumte nephelme and orthoclase, and as indicated later, 
was a variety of I brio The volume of such basic hybrid rocks must have 
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been very small—limited in fact to a few hand spedmens—for careful 
search failed to reveal any of comparable rode. It seems possible 
that Twclvctrees confused the two rocks, and regarded the specimen 
described by Rqsenbusch as representative of the dolerite, because he 
dearly regarded tlie thermally metamorphosed dolerite as " essexite ** and 
as an intermediate stage of the differentiation of the syenite into 
jacupirangite. Otherwise, it is remarkable that he made no reference to 
the dolerite as such. 

The Zone of Thermal Mstamorphism. 

This zone extends from the Cygnet jetty to about half-way along the 
northern side of Regatta (fig 4). Throughout it the plagioclase of 

the dolerite remains practically unaltered, and preserves the doleritic texture 
of the rock I'he pyroxene and magnetite, however, are more or less 
completely altered to hornhlende and hiotite, respectively. 

The alteration of the pyroxene crystals begins with the predpitation 
of minute granules of nia^etitc “ dust'' in the margins of the crystals, 
and the development there of minute prisms and granules of green 
hornblende. As the change progresses, the hornblende spreads to the 
cores of the pyroxene crystals, along cleavages, and along the sahlite 
striations. Simultaneously, the individual hornblende granules grow 
together to form coarser crystals, so that in the intermediate stage of the 
change, a pyroxene crystal ha^ b^n converted more or less completely to 
a group of four or five small crystals of honihleiide, generally containing 
numerous inclusions of magnetite. The magnetite granules show a similar 
tendency to grow together into huger gmins, 1ml in some crystals they 
begin to alter to niiniitc Hakes of hiotite In the final stage of the alteration 
(7a), an original pyroxene crystal is replaced by a single large crystal of 
hornblende, somewhat ragged at the margin, and often with a narrow 
fringe of minute hornblende prisms that have not Ijeen absorbed into the 
main crystal (FMatc IV , fig. 6). Such coarse crystals of hornblende usually 
include scattered grains of magnetite, but ultimately they clear themselves 
of such inclusions Jii some hornblende cry^stals, the original cloud of 
magnetite " dust ” is converted into a cloud of minute Hakes of hiotite. 
These subsequently grow together to form rather coarser crystals of hiotite 
that remain intergrown with the hornblende, or migrate to its margin. 

The hiotite flakes rimming the original txiarse magnetic crystals undergo 
a similar process nf growth into a tew large flakes, though these rarely 
attain the size of the hornhlende crystals Where the <iriginal magnetite 
contained titania, presumably as intergrown ilmenite, the titania is 
precipitated as crystals of sphenc, some of which are crowded with minute 
flakes of hiotite. One instance was ob^iervcd of a rim of sphene enclosing 
a grain of magnetite. 

In a number of places the coalescence of the early-formed mmute 
prisms of hornhlende and flakes of hiotite to form coarse crystals has been 
prevented by the introduction into the rock of alkali felsjiar, apparently 
orthoclase. The orthoclase crystallized in the areas of altering pyroxene, 
as a mosaic of small allotrioblastic grains with highly crenulate margins, 
and as they grew, these grams caught up the small grains of hornblende and 
hiotite as inclusions, or else pushed them into the gptn boundaries of the 
orthoclase mosaic, so that a cloud of ferromagne.sian granules dispersed 
through a mosaic of alkali felspar crystals marks the former presence of 
a large crystal of pyroxene. Suoli areas of alkali felspar and douds of 
dispersed mmilcs of hornblende and hiotite are generally associated with 
patches of microgranophyre, which represent either original interstitial 
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orthoclase recr 3 rstal]ized with silica set free by the alteration of pyroxene 
to hornblende or else introduced quartx and orthoclase derived from tht 
9venibc magma An analysis of the hornblende (lable 6, Analysis No 6) 
shows that it has much the same silica content as the origin^ pyroxene 
(Table 6 Analysis No 3) so that it seems unlikely that the silica was 
derived from the change of pyroxene to hornblende However, if the 
quartz and orthocla.se were introduced, the amount introducr<l must liave 
been small because an analysis of altered doleritc (7a) in which tlK 
pyroxene is completely alter^ to coarse hornblende (Table 4 Analysts 
No 43) shows very little difference in these respects from the analyses 
of the least altered ruck (Table 4 Analyses Nos 1 2) It is to be noted 
however that these analyses contain slightly mure potash thin is normally 
found in the Tismanian dole rites and are relatively nch in SiO, All ot 
these rwks may therefore Kiitain i small amount of intioduccd potash, 
and prol ably quartz and it is noticeable throughout this 7( ne tlut the 
alteration of the pyroxene is always more advanced m < 001100 s that contain 
an abiindince of miciogranophvrc thin m sicti ns in wli ch il is mort o** 
less absent Moreover in some sections the plagioclase crystals have been 
somewhat invaded by patches of microgrinophyrc or fpictures in the 
plagioclisc crystals are filled with orthotlase vcinlets thit connect patches 
of granophyre with one another or with areas of orthoclase cry til< Some 
such veinlets cross several adjacent plagioclase crystals 

The ferromagncsians in these altered dolentes alsi> show seine evidence 
of mobility In one section the rock is traversed by a ^cinlet 0 10 2 mm 
Mde of small colourless pyroxene crystals with come associated sphenc 
and pynte The pyroxene gives place along the length of the vcmiet to 
fine grained orthoclase and quartz In other sections veinlets of hornblende 
fill fractures and cleavages in plagioclase crystals the veinlets in some 
instances being connected with large crystals of hornblende 

Thest rocks in which tht jiymxent is more cr ’ess tnmplcttly altered 
to hornblende Cf rrespond to the essexite of Twelvetrees (1^7) and 
Paul (1906 pp 280 ^3)—* a dark dioritic looking rock below the Regatta 
Box (containing labradonte and andcsine felspar augite hornblende and 
quartz Pauls detailed description leaves no doubt as to the correctness 
of this correlation Comparison of their composition with that of cssexitc 
(Table 4 Analysis E) reveals their essential difference fmm this rock 
despite a resemblance in some respects 

The Transition /onj 

The relatively narrow transition zone that separates the z( iic of thermal 
alteration from the hybrid rocks proper is characterized by the breakdown 
ol the original ulagiodisi with the c iibcijiunt d stiuction of the doleiitic 
texture of the rocks Thin sections (11) show that the plagioclase crystals 
I>ccoinc disscctv,d b> a network f narrow veins of alkali felspar which 
slowly widen having isolated remnants of the plagioclase enclosed in the 
alkali felspar until in the final stage no plagioclase remains at all The 
alka’i felspar in these veins appears to be albitc because in one instance it 
showed a refractive index lower than that of the disintegrating plagioclase, 
but highei tha 1 that of the cloudy crystals of orthoclase surrounding the 
plagioclase The albite is clear and untwmned 

This breakdown of the plagicxlasc is accompanied I>y a transformation 
of the hornblende lo granular aggregates of colourless augitc (Plate V, 
figs 7 and 8) Assuming that the conipfsition of the augitc is similar to 
that of augite of similar appeal ance m the hybrid rocks proper, it contains 
much more lime (Table 6 Analysis No 2) than the hornblende it replaces 
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(Table 6, Analysis No. 6). This lime is derived, presumably, from the 
breakdown of the plagioclasc Some evidence that this is so is provided by 
the occurrence of granules of augite in the alhite veinlets between residual 
areas of plagioclasc. The iron ore granules in the hornblende are unaffected 
by the change, so that much of the augite is at first filled with inclusions ot 
iron ore (Plate V., fig. 8) As the augite grains coalesce, however, they 
dear themselves of such inclusions. Tiaces of primary pyroxene still 
remain in some sections, and grains of coarse magnetite, with rims of coarse 
Liotite flakes, are still present. 

Pyrite, apatite, orthoclase, and perhaps quartz, have been introduced 
into the rock, and occur in small veins. C5nc such vein was observed 
cutting through a clot of bniall equi-granular cr>stals (>£ hornblende, 
preserved from alteration by a fringe of graiiophyre 

Despite the reconstitution that the rock has undergone in this narrow 
transition zone, its bulk composition has changed very little. An analysis 
of a representative specimen (11) (Table 4, Analysis No. 4) shows a slight 
increase in soda and potash over the less altered doleritcs, and some reduction 
in magnesia content, hut is otherwise similar. 

The Zone or Hybridization. 

The hybrid rocks proper can be divided into two groups (excluding 
the dyke rocks that intersect them). (1) Icucocratic rocks, poorer in CaO 
than the dtilerite, but much richer in K,C), and (2) melanocratic rocks, 
as rich or richer in CaQ than the dolcrite, and moderately rich in KgO 
This division is artificial, I'ccause there is a frequent gradati(»n l>ctween the 
two types, which are irregularly dislnlnUed throughout the outcrops on 
the 1)each and in the cHfT face, 'fhe grain size of the hybrid rucks is similar 
to that of tiic clolcrites, but the texture is more granular, and the higher 
proportion of fclspathic constituents makes even the most liasic of the hybrid 
rocks aptiear greyer than the metamorphosed dolente In a niinilicr of 
Specimens, partirularlj the more basic locks, the felspars (and fclspathoids) 
tend to occur as large poecihtic crystals (1-2 mm.) with numerous inclusions 
of the several fcrromaqjnesian minerals In some, the orthoclase tends to 
lie porphyrilic. The “ phenocrysts ” may enclose plagioclasc residuals, but 
do not enclose ferromagnesian minerals. 

The hybrid rocks all consist essentially of orthoclase and a hine-rich 
pyroxene, which is generally more or less altered to biotite and brown 
inclanite garnet, together with areas of a lime zeolite, probably scolescite, 
notable amounts of magnetite, and coarse idiomorphic crystals of sphene 
and apatite. Some specimens, particularly the lime-rich ones, contain 
residual plagioclasc, generally armoured about by broad zones of orthoclase, 
and some contain nepheline. The differences in chemical composition 
shown by these rocks (Table 5) arise largely from differences in the 
relative proportions of ferromagnesian minerals and orthoclase. The 
analyses show that K,0 is present in all these rocks in considerably greater 
amounts than in the dolcrite, and there can be little doubt that most of this 
potash is introduced from the magma represented by the veins and schlieren 
of syenitc-aplitc and syenite-pegmatite that traverse the rocks, and in places 
appear to grade into them The introduction of the potash appears to 
have rendered the rocks more or less fluid, and has led to local concentrations 
of the ferromagnesian minerals, which locally dominate the felspathic 
constituents Occasionally the pyroxene crystals'have segregated into clots 
2 to 3 tm. in diameter. It is to be noted that the Icucocratic rocks (Tabic 
5, Analyse.s 1, 2) bear a close chemical resemblance to the hauyne-sanrdine- 
garnct porphyries (Table 2) and related dvke rocks. 
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The pyroxene is a lime rich variety (1 able 6 Analysis 2) closely 
re<^enibling the pyroxenes m the alkali porphyries (fable 6 Analysis 1) 
Presumably, admtion of lime from the dulente tf) the syenitic magma has 
led simply to an increased crystallization ol lugitc This pyroxene consists 
generally of a colourless core with a ^iccn iiuiginal zone In basal sections 
the green zone is strongly pJe^icliuir from green to yellow and has a smal’ 
extinction angle so that prcsuniably iL consists acgirinc Siuh green 
urns appear to be lacking in the lotks ot the tiansition z nc dc>tiib(d above, 
and appear only in the h)bnd rocks prfpcr in which the plagioilase lias 
largely or completely disappe ircd \s imlu itcd the dis ippeat nice of the 
plagioclase is a process of lutioii lu which the lime soda nnd alumina 
of the plagioclase become separilecl The lime icapptars in the hybrid 
links partly as diopsidic pyi ixcne (the i<l iiiltss n res of the pyroxene 
tr)stals) and paitly as lime zcjlitc In seme sjiccimLns llu si da icipptars 
as albitc and in others as nephthne but ninth of it ly enters 

into the later forming pyroxene to lonn inns < t leginnc ai uni the coies 
of diopsidic pyroxene The toiunitn pitstntc of albitic ptitliite in the 
sanidine crystals of the syenite pegmatite veins suggests that st me i f the 
soda in the hybrid rocks was intioduced along with the pita h and there 
is little to indicate what proportions of the soda wcie dtiivcl fr>ni these 
two possible sources ihe aluniiin appears to have entered the magma 
intensifying its tendency to 1 cc me satuialcd in this tcspcct 

In ill but a few sections the pyioxcnt has reacted to srmc lUgm with 
the svenitic mignia Ihe magnesia ind siinc ot the iron in the p)r)xcne 
liave combined with the introduced potash to form a magnesia riih hiotite 
(Table 6 Anilysis 7) while the linic and the remaindtr of ihe iron have 
combined to form a brown garncl whise composition is pubablv similir 
to that shown in Table 6 Analysis 8 This reaction has the effect oi 
letummg to the magma aliout 25% of the biO^ oru^iiially incorpoiated in 
the augite Ihe biotite is pleochrcic from a brownish or a greenish yellow 
to almost black Some crystals enclose irregular lighter colfurtd patches 
which suggest ghosts of pjioxene grams others contain inclusnns of 
apatite and rarely of pyroxene In stme rocks in whuh the alteritDu of 
the pyioxene is advanced the biotite occurs as scattered plates 2 t> 3 mm 
across The analysed biotite was i band puked simple if tlese uarsc 
tiystals 

Ihc appearance of the garnets vanes somewhat In miny sections they 
appear fiist as small blebs or granules Tlicst lend ti grew together into 
larger giains that show rudimentary crystal outlines TIic larger griiiis 
contain inclusions of sphene pyroxene bu lite and occasionally orthoclasc 
With increasing size the crystals develop zining a lighlei blown core passing 
into a darkci or clove lirown nurgin 

The progress of this reaction of the pyroxene with the potassic magma 
to form garnet and biotite varus even witnin a single thin section Tn some 
Sections almost ever\ gram of pyroxenr i« ummed with i fine grained 
intergrowth of garnet md but tt (rlatc V hg 9) in others the pvioxcne 
ciyslals are more oi less cimplctcly altered to an interf,rown garnet ind 
biotite (Plate V Cgs 10 11) In olheis some grams of pyroxcii line 
reacted while adjacent crjstals appear unaffected in a number of sections 
the reaction is much more pionouiiced where the pyroxene crystals arc 
in contact with orthoclasc giains than where they arc embedded in patches 
OI zeolite but this is not invariably so In the coarser grained rocks the 
biotite and garnet tend to separate and form relatively large individual 
crystals (Plate V fig 12) but m the finer grained rocks they ire often 
intimately mtergrown In some sections the amount of garnet and biotite 
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exceeds that of pyroxene but generally the relative proportions of the 
three minerals vary greatly from place to place in a single section Only 
oiLasionally has the pyroxene been completely replaced or nearly so but 
this IS the case in some of the more potash rich rocks 

The pyroxene is characteristically associated with a zeolitic nuneral 
that occurs as irregular areas and narrow >eins up to 1 0 mm wide The 
zeolite consists of fibrous rosettes which when they are well grown and 
are not weathered are anisotropic with low polarization colours (Plate IV 
lig 3) I'requently however they show only vague amsotropism and many 
patches which are cloudy in ordinary light appear isotropic so that there 
may lie more than one variety of zeolite present The anisotropic mineral 
scrape<l from i vemUt has i refrictm in lex 1 etween 1 SIS sind 1 520 
and G^ves i strong positive microchemical test for talcfum The zeolites with 
a refractive index of this f rder are the lime soda zeolite thompsonite and 
the lime zeolites st lescitc and himnntitr The I w birefringence best fits 
scolescite Previous investigators have regarded this mineral as natrolite 
pseudo moriihous after nephehne It is to Ixi noted however that the 
zeolite IS most abundantly developed in rocks which while they contain 
distinctly more potash than the dolentes contain if anything less soda 
The soda in the analyses can be act lunted for largely by the aeginne nmsi 
< f the pyroxene crystals which wculd leave altogether too little soda for 
the zeolite to be natrolite The zeolite occurs in greatest abundance in the 
lime rich rreks and is present only in small amounts or is absent in rocks 
nch in potash and relatively poor in lime Moreover m the lime nch 
rocks the lime content equals or exceeds that of the dolerite and it seems 
unlikely that there is suthcient pyroxene present in them to acioiint for the 
whole of the lime It is concluded therefore that the zeolite is i lime nch 
variety the lime being derived from the breakdown of plagioclase from 
the original dolerite As cinhrination of this tine section contains residual 
plagioclase more or less protected by rims of rrthochse in which the 
plagioclase appears to sli )w all stages of gradation into the zeolitic substance 

The vcinltts f zeolite irt of lalt f irmation since m some sections 
they cut across large < rth)clasc crystils displacing the two halves (Plate IV 
fig 3) In other secti ns the ze lite vtmlets cut through garnet biotite 
clots while frequently the zeolite fills the interstices between orlhoclase 
ciystals The more fasic specimens (18) (Table 5 Analysis 4) contain 
a prop<rtion if coarse grains of fresh nephehne up to 0 3 mni acioss 
The nephehne like the orthoclase encloses numerous smaller crystals of 
pyroxene garnet and biotite It can be distinguished from the orthoclase 
only by its uniaxial figure and its negative character so that it is easily 
overlooked Paul (190fi) analysed a still more basic rock (Table 5 Analysis 
A) in which nephehne was apparently more abundant and biotite was present 
as occasional large crystals This rock is reported to have occurred as 
scattered stonei not in situ between the Regatta Box and the Point 
Kosenbusch referred to it is a mica ncphehnite with the habit of a 

monchiquitc (Twelvctrccs 1902) and Paul (1906) called it a monchiqmtic 
ncphelenite with shonkmitic afi^ilies Twelvetrees (1907; later classed 
It as a monchiquitic shonkinite Its gentral resemblance to shtnkinite in 
chemical composition may be seen bv i < mpanng Analyses A R and C in 
Table 5 but it is more basic than typical shonkinite 

The rock descrilied as jacupirangitc (Twelvetrees 1902a) appears to 
be an even more basic variety from which orthoclase was excluded It 
consisted essentially c f nephehne augite sphenc garnet apatite magnetite 
and biotite A careful search was made for this rock without success 



Alkoh Hybnd Rockt of Port Cygntt, Tasmama 


105 


and it IS certain that it must be of very restricted occurrence—no more than 
a localized segregation—though Iwelvetrecs' (1902a) descnption would 
lead one to think otherwise 

The felspar in these rocks is chiefly orthoclase In some sections it 
tends to be porphyntic with lath or platy phenocrysts from 1 to 3 mm long 
in a finer grained groundmass of lath lilce orthoclase grains about 0 1 mm 
long In other sections the orthoclase forms equigranular plates 1 to 
2 mm across The individual crystals commonly enclose grains of iron 
ore garnet biotite and pyroxene 

In the more leucocratic rocks (16), the orthoclase plates tend to be 
sub parallel as in the syenite pegmatites and are about 2 0 mm x 0 2 mm 
with smaller Prisms of pyroxene or in some cases hornblende interleaved 
with them The coarser crystal:* contain a little microperthitic albite in 
some sections 

» Remnants of plagioclase are preserved in some of the more lime rich 
rocks (21 24) The plagioclast otcur^ as zoned cores to orthtKlase crystals 
'ind IS triversetl by fractures that do not extend into the surrounding 
orthoclase so that frequently the plagitchsc lueluMons -irc ngged remnants 
(Phte IV fig 4) The pligitKlase has a refractive indix well above that 
of the orthoclase and is optically positive so that it pi o! ably andesine 

Some sections (24 29) contain a mineral that somewhat icsemblcs 
altered plagioclase It is biaxial and opticall) positne with a refractive 
index about that of andesine and a biiefnngcnce less than that of orthoclase 
It lends lo vxrciir in more or less rectangular grains with a prominent 
cleavage at nghl angles to the longer axis and consistently extinguishes 
parallel to this cleavage It commonly appears dusty and many grains 
ire more or less altered to a /eolitic substance the alteration developing 
along the cleavage The low birefringence ind the straight extinction do 
not fit andesine and there is no orAorhombic mineral that has all the 
requisite optical charaaers so that the mineral remains indeterminate The 
untreated mineral is not affected by water soluble dyes like methylene blue, 
though the straw coloured Inotite in one section (29) was rendered reddish 
violet Ijy immersion in an aqueous solution of this dye 

The sphene m the hybrid rocks occurs as coarst crystals up to 2 mm 
long Occasionally clots of as many as fifty crystals of sphene the individual 
crystals lieing about 0 5 mm long have been observed the clots of sphene 
forming the cores of clots of pyroxene cry<itals Small crystals of sphene 
are included in some of the garnet grains and sphenr is often intimately 
associated with areas of intergrown Inotite and garnet ^uggestlng that it 
represents titania set free during the transformation of the pyroxene into 
these minerals 

It may be noted that although sphene occurs in many of the alkali 
rocks the amount of TiOj in the analyses of these rocks rarely exceeds 
0 5% This IS true also of the potash rich hybnd rocks In the lime rich 
hybrids however, and in the dolentc, the IiO, content is commonly in 
excess of 1 0% suggesting that the sphene in the lime nch rocks comes 
largely from the ferromagnesians of the original dolente 

The apatite tends to form equally coarse grained crystals some of which 
are speckled with black dust like inclusions Most of it, however is clear 
and colourless It is most abundant in the lime-nch hybrid rocks which 
contain in excess of 1 0% P,Ob as compared with less than 0 5% 
m most of the potash rich hybrid and dyke rocks and the dolentc The 
magnetite in the hybrid rocks occurs as eqm dimensional grams whose size 
corresponds to the general grain size of the particular specimen It tends 
to associate with the biotite-gamet intergrowths and does not occur as 
inclusions m the pyroxene 
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Oonolufliona. 

The metamorphic alteration of the dolcrite at Regatta Point provides 
an excellent example of the distinctive lichaviour of i^eous rooks when 
subjected to thermal metamorphism, as outlined by Harker (1932, pp 
103-110). The first stage is the conversion of a higher mineral (pyroxene) 
to a lower (hornblende). The dolcntc, having cooled rapidly from a high 
temperature, its pyroxene minerals ate in a melastable state. 'The first 
effect of slowly rising tempeiature has been to restore molecular mobility 
to the rock, and permit these metastable, high temperature minerals to 
react with their matrix, and tiansfoini to lK>rnblmdc, a mineral stable at 
the lower temperature induced by the thermal metamorphism. Similarly, 
Llic magnetite has reacted to form biotitc, whereas the felspar, as is cornmon 
,to such rocks, has proved more stable, and has not rccrystallized appreciably. 
In this initial stage of metamorphisiu, the mineials have, therefore, undergone 
the reaction changes that llu*) would normally liave undergone if the dolerite 
magma had cooled slowly. It is ‘*a suspended reaction, which now takes 
etfcct when the appropriate temperature is realized 

With advancing mctamorplnsm (in the “transition zone”), this change 
IS reversed. At the higher temperatures now prevailing, augite and not 
hornblende is the stable mineral. 

At this stage, however, reaction with the invading potash-rich magma 
assumes significant proportions, with the development of hybrid rocks, 
and the reactions involved provide an illustration of Bowen’s (1928, pp. 
197-200) conclusions as regards the processes of assimilation and 
hybridization. 

Howen slates (p. 197) that “any magma saturated with a certain 
member of a reaction scries, is effectively supersaturated with all highet 
mcmlier.s of that reaction scries. It cannot . . dissolve inclusions ot 

such higher members, but can only react with them to convert them into 
that memlier of the reaction seiies with which it is saturated.** Thus wc 
find the potash-rich magma, which is saturated with soda-rich sanidinc 
felspar, reacting with the plagioclase of the dolcrite The soda from the 
plagioclase can enter the syenitic magma, but the lime from the plagioclase 
lan enter into the sanidine only in small amount, for the mapma is saturated 
w'jtli respect to lime minerals '1 he excess lime is precipitated as augite, 
the lime mineral with which tlic sytmtic magma is saturated The effect 
IS, therefore, simply to promote the normal process ot crystallization. It 
may I>e noted that the process is somewhat more complicated than is indicated 
by BowenS statement quoted above and involves the transference of the 
lime from one reaction '-eries (the felspars) to another (the fcrromogncsian). 
The soda from the plagioclase is partly taken up by the laler felspars, and 
partly transferred to the p>ro\cncs Where there has Ikcii local precipitation 
of pyroxene to excess, the residual magma appears to have lieeii 
" desillcated ”, and the soda has Iieen reprecipitalcd partly as nephebne. 
The alumina from the plagioclase is largely added to the magma^ 
inten'sifying its tendency to l)ecome naturaled in this direction 

Wheic the included rock contains minerals later in the reaction series 
than ihe minerals with which the magma is saturated, Bowen (p. 200) 
considers that the included minerals will simply dissolve, with a 
simultaneous precipitation of the minerals with which the mapna is 
saturated. The hornblende of the metamorphosed dolerite, which is latcs 
in the ferromagnesian reaction than the augite of the syenitic magma, was 
thus under a double compulsion to give place to augite.' Increasing intensity 
of thermal metamorphism drove it in this direction, while the incoming 
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syeiutic magma tended to dissolve it when its constituents were reprecipitated 
as dugite It is not suq^rising therefore tlut the passage from the 
metamorphosed dolente zone to the hybrid zone is one of rapid transition» 
with no sliarp margin Similarly the late reaction of augitc to form garnet 
and biotite as the magma became lucredsingly situiated in \1 Og is onl> 
a repetition on a more pronounced stale of a rcnction nomnl to the 
(apparently) uncontannnated syenitic niagmi 

These changes lieai out Bowens furtlicr tonclusion (Bowtn 1928, 
p 223) that magmas may incorporate tonsideiable quiiilitics of foreign 
inclusions both by the methods of reactive solut on ind by reactive 
piecipitation All of these 'ntuns irc however in cmphisi/ing of n imal 
piocesses possible in the absence of foreign matter Ihis conclusion 
has significance in any speculation as to the nature of the deeper lying 
unexposed alkali nxrks at Port Cygnet 

It IS established that the intrusu n is a differentiated sycnitic stock of 
which the uppermost rone is picsumably from its texture a ehilled nnigin 
This marginal zone of syenite pnrpliyi> cksely rtscmlUs in chemical 
eompOMtion the banatite that furiiis the upper part of the Mt Droimdaiy 
laccolith in New boutli Wales The Mt DriMnediry laecohth appears to 
have developed through the diffei enti ition in silu of a mnn/( nitic magma 
giving rise to an uppermost 7 me of Innitite and lower /ones of sh nkiiiite 
and pyroxenite (approaching jacupirangite) 

Assuming that assimilation ruly emphasises noinial pr cesses then 
the local (hvclnpmcnt of a h>lrid rock approximating to a slionkmite at 
Regatta Point suggests that the trend in the differentiation of the 1 * 01 1 
Cygnet stock w oulti have lieen towards the formation of a layer of sht nkinite 
withm the stock in addition to the visible upper layer of syenite jHirphyry 
resembling banatite Analogy with Mt Dr medary suggests that these 
rock types are derived from the differentiation of a monzonitic nugma 

The process of diffeicntiation is at Mt Droinedaiy involvttl a 
concentration of potash in the form of laige phennerysts of sanuline 
presumably by upward displacement of residual potash enriched magma 
and possibly by upwanl flotation of the early formed sanuline crystals 
Ihe sinidine ciystalli/ed side by side with plagicclase felspars rich in soda 
the two senes becoming increasingly incapable of solid solution with cne 
another as the icmperaturc decreased Pre n unct I fractional c rystalh/alion 
of the sanidinc aided the concentration of potash in the residual magma 
Jhe early formed sanuline crystillized at 1 temperature which permitted 
a high degree < f sclul soluti n of alinte in the sanuline and bee ime armoured 
al>out by maiginal ynnes progressively iichcr in potash which effectively 
prevented retuiii of soda to the magma as the teinpciature declined The 
soda rich cores litcime incrcisingly unstible as the tempciature declined 
and Anally unmixed to form micrr perthite 

In the later stages of differentiation when ccnsiderahlc ciystallization 
of coarse sanuline crvstils had recurred it ''crnis piss blc tint the intiiisi 11 
of some of the dykes was accompanied by some degree of filter press 
action This would explain the occurrence of dykes with identical matrices 
having very variable pioportions of sanidine phcnocrysts like the tinguaites 
and especially the syenite aphlcs and pegmatites 

Ihe close chemical resemblance of the Icucocratic hybrid rocks at 
Regatta Point to the more potassic dyke rocks suggests that the dyke rocks 
are representative of a zone or layer of differentiated rock within the 
intrusion 
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The hauyne in the dyjce rocks is presumably the equivalent of the 
nepheline in some of the hybrid rocks 


Tabif 1—Anaiysi*; or the SYESin- Pobphyhy (BAPfAxrrc) 


— 

X 

8 

A 

B 

0 


Ai sr 

03 10 

94 49 

01 90 

00 M 


18 69 

17 11 

17 48 

17 07 

IB 67 


1 68 

1 04 

1 M 

S 85 

1 91 

jVot 

. L8 

H 02 

1 09 

4 87 

1 94 

HgO 

U M 

1 16 

U M 

1 86 

1 41 

CaO 

4 fl» 

8 05 

2 28 

8 41 

8 60 

Rho 

4 W 

J 04 

4 19 

4 05 

8 41 


4 OA 

4 94 

4 79 

S 80 

a 78 

B|0 + 110 

0 42 

0 Am 

0 52\ 

0 08 

1 16 

B.O ' 110 

0 6U 

0 65 

0 18/ 


OOf 

Ml 

0 24 

0 71 



TK). 

1 28 

0 88 

0 40 

0 99 

0 60 

FjOft 

0 01 

0 80 

U 22 


0 19 

i£o 

0 42 

0 18 

0 11 

0 09 

0 09 

1 OV 0- 1 

too 10 

100 89 

100 00 

100 00 


1 Srenite porpl yry (No 54) conu n ng hornblezide and pyroxene Ir m ncir the Mddle c»I the road 

from I ymingt n to Wattle (rove Port Cygnet diiliict Analyst A B Edwaudi 

2 Syenite porphyry (No 7’) w th altered hornblende from Petchey i Bay Port Cygnet diatncl* 

Analyst A B iu wAion 

A Banatite (byenite) Mt Oronicd ry loecol th NSW (1 A Brown Free Linn S'oa AfS IV 0 
vol 55 Pt 5 P (17 1910) 

B Average AJk* tc (R A J)aly Igitni Rocks nnd the Dcfthi of the Earth p 12} 

L Averagt Quarti Monzonite (K A Daly Jlnd p 15) 
hor locat on of 1 aly cd ajecinem me hig 2 


1 iBifc 2—AwAiYsm 01 PoKT CvfNrr Dykf Rocks 
( \iiilyst A B Edwards ) 



1 Hiuyne vinidine g irnct porphyry (81) quarry ler road lead ng from Regatta Pont to Wittle 
Crf VC 

'* Ill lynr un d nc girntl lori hyry (110) from roal i rih of Toby ■ II II 

A (jarnet n l lolTilergte Iron vicin ty of Regitti Point (b P laul T cMir Afm Pair Mitt, 
vol 25 nf 269 118 1906) 

U Cvdrnct trachyte , on beach between Poit Cygi et and Lymii gton (W A Mcleod and 
O E Whtc Pafirrs Ruv Soc Tas 1898 99 i 7'!) 

\ Sanidine lingua te (93) north of jetty northern head) ind of Copper Alley « 

4 Tnguiite (95) Mt Mary mme Mt Mary 

C Average tii gui te (R A Daly Tgneoui Rock^ and thi Deptlu of the Fartb t 27 1933) 

I) linguaite with «ii dine phenocryaM Bear] au Mti Montana (Weed and Pirwm Am Iona 
Sn. U p 192 189() 

E Solvebergite Longethal Norway (Bmgger Erupt vgeotcinc Kr at I p 80 1B94) 

5 Syenite pegmatite (25) inlet aonth of Regatta Poi t 

6 Garnet ortl oelante (19) Regatta Punt 

For location of anilywl apecinirna Ke > g 2 
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Table 3—Compothtok of Sanioink Phfnocf^'s't; in Pom Cvcnkt Rocks 
_ (Analyst A B Edwards ) _ 


Rofik 


SysQlta porphyry (twnAUte] (54 TS) 

BuidlM tlnfulto (OS) 

HaoynfrMinldlim gOEiHi-porphyry (llU)i (mstpl** 
rook) 

BanyiH udMIdb ganiet porphyry (110) Llrlns 
■tone HID 

Senldlai sunBt'porpfayry (00) (Uioiilt rook) 


NUtO 

CalculaUd 
(ompoaitloo 

Maan 

ReDraotlre 

ludax 

4 S7 

OrSIAbITAndO 

1 525 ± 008 

S 51 

Or57Ab2»Anl4 

1 5E5 ± 008 

3 09 

(>r58Ab2aAiilfl 

1 52d d- 008 

S 14 

Or59Ali.7Ant4 

1 625 ± 008 

1 64 

Oi78AbiaAnO 

1 525 ± 003 


K.0 

0 47 
9 00 
9 06 

0 05 

12 00 


Table 4—^Analysfi oi MFTAMORpnosFD Doifritf at Ret aha Point Port Cytvh 


(Amlyst A B Edwarris > 


— 

1 

i 

J 

4 

6 

A 

B 

< 

U 

E 

aot 

84 BO 

84 HI 

65 -0 

68 ^ 

88 20 

62 05 

58 70 

8H 19 

IH 8R 

4H 04 

AUO, 

13 4a 

14 01 

14 HH 

15 00 

17 26 

15 .3 

17 88 

7 08 

ft 18 

17 9A 

FaJU, 

4 40 

3 51 

3 UH 

4 ^4 

4 23 

0 51 

0 -8 

9 07 

11 "O 

4 81 


n 12 

11 HO 

7 4B 

5 11 

8 00 

6 21 

a ^1 

ft 17 

H 14 

' 58 

MgO 

8 70 

8 111 

4 27 

4 18 

1 7fl 

ft 04 

2 "B 

11 58 

11 47 

4 no 

CaO 

U ft> 

a 66 

U 76 

a 88 

A 20 

11 84 

a 80 

lU 01 

IH no 

8 HU 

NatO 

4 53 

1 uo 

2 22 

2 08 

1 U4 

1 5H 

2 29 

U 74 

0 "H 

4 30 

K,0 1 

1 OU 

1 )4 

n Bd 

. 00 

1 ja 

0 BO 

1 J3 

0 78 

0 13 

» 2a 

H|0 4 ilO 

0 IH 

0 j8 

1 0 58 

0 2L 

0 l> 

0 46 

U 12 

0 83 

0 i4\ 

1 

H,0 - 110 

0 4. 

0 87 1 

1 0 12 

0 18 

0 15 

0 86 

0 8ft 

0 14 

0 IH / 

1 i4 

cA, 1 

Nil 

Ml 

Nil 

Nil 

Nil 

Nil 

Nil 

0 82 

Nil 


11(5. 

0 AH 

1 da 

1 ^ 

1 «» 

1 3. 

0 68 

0 fli 

4 94 

4 1- 

t Mft 

P|0> 

0 12 

0 20 

0 CM 

0 10 

0 12 

0 01 

tr 

0 H2 

0 17 

0 ft> 


0 21 

1 0 17 

U 16 

0 17 

0 IS 

0 15 

0 12 

0 12 

0 Ifl 

0 IB 

llOU 20 

oa H4 

100 0, 

100 10 

too 8H 

100 1J 

100 21 

*99 89 

1W 72 



• + *0 Q 00 


1 Sliflitly meUniofphof^ dolrrite (361 juat aouth of CrRnet |ctty SeritU Point 

2 Partly uralitired d Icntc (li) n idwtiy Ictwiin CyinKt J^ty bi 1 Rcg-itt i I it 

3 Completely uMlitued dolcnte (7 a) north side if RcpitU l^inf 

4 Metamorphosed dotentc (11) from the inniition zone RrgMIa Point 

5 Dolmte dyke (40) south aide of Copvi-r Alley Pon ( ygi et 

A Avenge undiffercntidUd Mmzoio i Irr le of Tiamnnii (ivrrjBc of ( in-Uysis) (lulwul* 
Jonr Clot SO p 4CS 1042) 

B Differentntcd dolertte from 0>0 feet ibove sea level Mt Nelson rianianii (Fdwarls Ibid 
P 470 ) 

C Jacupirangite Magnet Cuve (Wjshin^n Jour C ot ^ 1901 120 22) 

D Jacupirangite Sio Paulo Braid (nasfamgion Ib d ) 

h Average Eaaexite (Daly Ignmua Nocks <ind the Depths of th Earth WII p 22) 

For fncation of analysed specimen see tig 4 anl hig ^ 

TaBTK S—A%AI\Sh‘s o> \IKALT HyBRIR RiM KS AT Rn AITA PoIVT PoHT C\fNPT 


f Inihit \ B Idw ir Is > 


1 

1 

1 

1 

4 

A 

B 

L 

4(10- ! 

ab 90 

1 6ft 10 

4> 10 

49 8t 

41 80 

48 34 

48 (1ft 

ai.6. 1 

19 (H 

17 r 

1ft "O 

H 3) 

9*87 

11 -9 

J( 

FbiO, 

- "H 

1 80 

4 (O 

10 BO 

" 41 

2 31 

3 OH 

FeO 

2 88 

2 IB 

8 01 

4 75 

8 40 

7 72 

5 80 

MgO 

1 53 

1 3. 


5 bf 

7 IH 

9 8B 

8 na 

iaO 

8 

5 r8 

a 2 

) ^5 

14 2ft 

12 70 

10 4ft 

Na.O 

0 71 

2 30 

1 90 

1 84 

1 74 

1 ftO 

*. 71 

ViO 

0 29 

M H7 

ft ftl 

5 42 

3 HI 

3 17 

6 I > 

H.O (- IKPf 

0 8- 

0 28 

n 5^, 

0 r' \ 

1 

0 M \ 


Hln IKP ( 

0 30 

{) 48 

U 38 

0 42 r 

1 iw 

0 04 / 

1 *D 

cn. 

Nil 

Nil 

Nil 

Nil 

nd 

tr 


Tid, 

0 4K 

I 17 

1 41 

, 1 OH 

1 8" 

U 88 

0 37 

P.O| 

0 20 

1 0 10 

1 41 

1 27 

1 01 

0 HT 

1 07 


0 SH 

1 0 11 

0 21 

1 0 jb 

tt 

0 18 

0 11 


09 "4 

99 ftl 

99 07 

99 00 

11)0 22 

99 90 

ino 00 


1 I eucocratic hybn 1 r ck (27i or cdnfaminate 1 aycniti lUnit 30(1 yarda south f the tnn non 

rone (Judgea Box) . 

2 Lencocratic hybrid Tm.k (14) ab nt 70 yirds outh uC the tranaiimn zone (Julgcs Box) 




no 


A. B. Bdwairdt 


a H^ADoentie hybnd rook (24) mu tba hMd of th« Inlot m tfa* m 
■ boot 250 ymrai Kintfa ef the tnuntsoo mm (Judft't Ba) 

i IftUnocntJc lirbru) rpek (]2), •boot 150 yud* «outb of rbe tmuitJoii 
A. ** Uoocbuiiiitw nepbilliiite * (F P Pint Ttchtr Uiwm PrN* MM 
Thu II the ^mfioduquitic ibonkuuti * of TwcIvctrcM 

New Sooth Watei (1 


k rido of Sofhttt P«Hi« 

OM c;iidi«*f Box) 

25, nf, 269 31ft 1906). 


A ^rowa Pm Lmm, 


B Shonkiiulo TiUu Tittu Villare Ut DrometUry 
Soc NiW 55 (5) 656 1930) 

C Avente •bonlnnite (Dilj Tgiirotii Rcckn nnd the Dei tin of the Eirth 1933 p 23 ) 
For locetion of ofulyMd ipecimcni mc Fig 4 


Table 6—Akaiysfs or 1 fhromagnesian Mim>raic. in Post Cygnft Rocks 
f fia/ / A B Flwirl^) 



lyroxenM 

Hnrnl 1 ndw 

DMlta 

OSTMt 


1 

2 

3 

A 

4 

6 

0 

7 

8 

B 

BIO. 

Al.O, 

46 lu 

4H JO 

48 T 

4H 40 

30 0 

8J JO 

48 40 

34 i 

36 00 

S6 87 

0 03 

6 14 

0 40 

6 26 

17 4 

If oa 

U 74 

6 0 

7 08 


ISS' 

1 11 

" ^ 

4 7& 

. 40 

9 60 

11 42 

8 80 

10 a 

17 07 


tt 7" 

fl 66 

14 40 

16 06 

11 6. 

HiinH 

1. .4 

18 a 

4 17 

Bln 

MgO 

m 00 

10 16 

10 BJ 

14 88 

7 60 

S 76 

6 30 

16 0 

0 84 


UO 

.J 36 

JO "0 

IJ 

IJ 70 

1. jn 

1 0 

10 00 

Nil 

88 80 


55? 

n d 

0 d 

u d 

0 10 

Dd 

1 J3 

0 d 


D d 


n d 

nd 

0 d 

U 06 

D d 

i 8. 

Dd 

10 0 

n d 


X 

a d 

n d 

n d 

0 ja 

n d 

u d 

D d 

D d 

n d 


1 06 

0 44 

MiKIiM 

0 31 

D J6 

1 JB 

1 ^ 

1 3 

1 76 


&?<) 

Nil 

mMam 

tr 

tr 

0 16 

0 01 

0 1. 

0 6 

0 78 


U 91 

Ul« 

0 00 

0 86 


0 72 

0 00 

tr 

1 U 



lOU )4 

rrf 


Ed 

08 42 

lUO 60 

08 84 

dm 

08 08 

E33| 


1 Pyroxene (lUg tc) f om lycnitc porphyry dyke Deep Bay 

2 Pyroxt nr (ugite) frcmi hybrid rock (18) KeflaiU Point 

J Compoaite pyicucem «] gfatly oral it ltd from the dolente (tO Hcgntta. Pout 

A Comfo^ite pyroxene dulled base of &(t \^tHn|iton dulriite niH (lulward* Jour Ceol to! 50» 
p SSJ 194.) 


4 Uornblendc from eyeiute puphyry (banat tc) lyke I ittle Oyiter Cove 
3 Hornblende from hauyne unidine gari et t or] hyry lyke (110) fol y i HiU Port Cygnet 
I Hornblende from ursl t led dolmte (7) Regntt*! Pont 

Biotite from leucocraiw bybr d or mntanunaied lyci ite (30) Regatta Point 
ft Andradite f arnet (mi) iitr) from hauyne lonid nc garnet porphyry (110) Toby! Hill Port Cygnet 
B Johiulonut te sirnet from girnct tr'ichyte (h'lnyne lanidinc gart et porphyry) fnni Copper 
Alley jetty (White and McLeod) Pipen Roy Soc T 94 1H9/ p 75) 
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Uluitratlons. 

ruATT IV 

■■lo 1—Oiutcr of imrrl rarhmte fArnft in hai yne wiudine svnet porphyry dyke (110) Toby'i nUl 
Ordinary light X 35 

110 2 —< roup of ilterLd hauync cryilals showing their cbirictcrKtic form Hanyne luid ne garnet 
porphyry (81) nrar Regatta Po nt Onliniry 1 ght X tS 

Fio 3 -^collie vein putting and dlsplanng ■ plate of lanld no m hybrid rock Regatta Po f t NicuU 
croa^ X t5 

kir 4— PhcnocTTit rf orthoclair enclmiig reinoititi of a large plagioclanc cryital (dark) n 
h:^rid rock (24) RfgatU Point Nicola croared X 2^ 

Pio S —T eiBt altered dolerite (16) showing chirsctcriatK texture of intrrgrmrn pIigiDcloK md 
pyroxene Neir Cygnet jetty Ordinary light X 35 

hio ( —Tbcrnially metamorphoaed dolentc (7a) w th pmxcnc converted to bornblende, but 
prewTing the texture of the dolerite RegHtta Point Orlinjry light X 15 


Piatt V 

Fio 7 —Hornblende altering 1o granular aufitr in ddente from the tranaibon xone Reaatta Point 
(irdinary light X 45 

Pio 8 -Crystil of hornblende comrletelr alterel to granolar aogite and magnetite in dolentc in 
the traniit on xone Kegntta Point Ordinary li^ht X 45 

PlQ 9—Pyroxene cir^ with a nirrow nm of biotte and melanite garnet inlergnwn wJtb one 
another Hybrid rock Regatta Font Oil nary light X 4(1 

Pio 10 —Advanced elsge of alterit on of pymiene (core) to blotite and garnet (margin) Ordinary 
light X 35 

Pio 11 —Pwudnmorpb of t ot te and melanite garnet after pyroxene cryttal Ord nary light 


Pio 12— Hybrid rock vth relitveU cointe cryrtala of hiot le and melanite garnet di«pe ted Ihmugh 
it Ordinary 1 ght X 3(1 
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Art X — rhe Lagenui l^orammtfera and fhetr Relattonshtp^ 

By WALTI R | PARR PRMS 
[Read 13th December 1945 ] 

Abstraot. 

Ihe writer reviews the oEuntons currently hclb aa to the position of the lageiud 
foraminifeni and submits evidence to shew the cIobl relationship of the genera Lagena 
Ooltna (with / ntosoltnia as a synonym) J tswina and the liooded forms usually 
referred by authors to the genus EUtpsolagena He regards Elltps )lagtna as identical 
with Fitsunna and erects a new genus Parafissurma for the reception of the hooded 
forms 

brom the evidence the wnter concludis that instead of the Ugemd foraminifera 
being a poKphyletic group f end forms denved from multilueuldr genera belong ng 
*o several Umities thty ire nut end forms and that all belrng tn the simi iamil> 
fie also does not ei nsider them d-> was believed by Brady to lie ancestral to thi 
muUiliculdr firms of thi Nodosanidac and the Polymorphinidae but suggests that 
the lagemd forms and the muUilocular forms had a common ancestor Ihe family 
Lagcmdae is proixised fir the unilueular forms with the N )do*^midac restricted to 
the multiliicular forms usutlly placed ui this finiily 

Introduction 

During work nn the fi raniinifera extending over more thin twenty 
>L'irs the wutei his met with from 21X) to 300 speciis of lagcnid 
foianiinifti i tiid then idtntihcition his lid to a lonsulcration of the 

vtluc of the gemrd erceltd h\ authors for the reception of these foinis 
In suhtnitting the results of th«se iiucsligatioiis it should he stuj at 
the outset that i full uiuleistanding of the lagenui foraminifera cannot he 
olitained until will piesn\ed fcr'inimifti'il faunas from the [uiassii in<l 

also from the Palieozoit hive leen studied as it is in deposits of these 

ages thit we must loni for the jiroginiti rs of the nresent dav genera It 
is however hoped that the tvidincc now to lie presented will be sulfieient 
to show that the views which are currently held with regard to the 

stituij and relationships of sonic of the 1 igcnid foraminiferi should l>e 
re\ised 

I ntil the publuation of Di [ \ (.iishniin s outline of 'i it chssihialioii 

of the fonnuniftn in 1927 authors hid with few exceptions hteti content 
to follow the late Dr fl H Hiady in leftnng all of the single chambered 
hyilinc forannniferi to the gtniis J agtm \Vilkei and Boys Cushman 
limited the use of J agvna to those spceits in which the test was eithei 
with or without a luck and Ihe ipertnii was tadiate (iarel>) rounded 
elliptic il 01 sill like and lernunal Ih iniluded within the definilion 
if lagcua suh gtner^ is Oolina d Orhigny Imphortna dOrbigny 
rt^Mtnna Reuss Trtgonuhna Seguenza and other genera which are now 
generally accepted as synonymous with Laytna Tot those species with 
a rounded test and an internal tube free at the inner end and with the 
aperture centrally situated at the end of the test and elliptic il or circulai 
tn shape Cushman revived Williamsons genus rnto^olema which he 
tiansferred from the faniil) T agenidac to the Bulnninidie Ihe third 
group of lagenui foraminifera recognized hy Cushman was icferred b> 
him to the genus I lUpsolagim \ SiKcstri which he jilaced in the family 
rilipsouhnuLic 111 this the test has m internal tulw at one side of the 
a[)erliirc which is elongate subterminal curved with one side raised into 
1 protecting hood 
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Several years after the appearance of Cushman's work. Dr. T. 
Galloway (1933) published his book, "A Manual of Foraminifera”, in 
which a different treatment of the la^cnid foraminifera was proposed. 
He recognized eight genera, of which Balanultna Rzehak is now known 
to be a cirripede, and Obliquina Seguenza, as an abnormal form with 
apparently only a single record, need not i>c considered here The 
remaining genera were divided among three families, vi/ — 

(jENUs. Family. 


(1) Oolim d’Orbigny (with 

Entosolenia as a 
synonym) 

(2) Lagena Walker and Boys 

(3) //iH/>horiniIk d’Orbigny 

(4) Fivjt/nna Reuss 

(5) Trtgonulina Seguenza 

(6) fillipsolagena A. Sdvestri 


NODOSARlilME T^enidae 
(if Cushman) 


UVIGERINIDAK 
PLKlTROSTOMlilJdDAE (« 
Rllipsouhnidae of (ushman) 


The four genera used by fialloway and not by Cubhnian aic Oolina, 
Amphorinaf Ft.^sunna, and Trtgonulina. Ooltna has, however, Entosolenia 
as a synonym 

Chapman and the present writer, in their classification of the 
foraminifera (19J6), recognized only two genera, Logena and Ellipsolagena^ 
the former lieing placed m the Nodosariidae and the latter in the 
Pleurtistomellidae J.(U}ena was used in the same s<‘iise as liy Cushman 
^^llh the addition of Entosolenia as a synonym, as it was considered 
Entosolenia could not lie satisfactorily distinguished from Lagena. 

Here, il may lie convenient to give in some detail the published views 
of the authors named on tlie origin and relatioiishi[)s of the various genera. 
C'ushman, in the third edition nl Ins Classification (1940) slates on page 
195 (under the family J^gemdae) :— 

"It IS rather evident that the forms iiicluderl undet Lagena have probably been 
derived from various sources, and perhaps but a few of them rrall> belonpr to the 
family J^aRcnidae 

P, /()3. "It ib very doubtful if many of the furnib classed as lagina ria11> IhIoiib 
to tills genus of Una family" (i.e. the I^geiiidae). 

and on p 238 (under the family Buliinmidae) — 

“ lintosolcma with its /?u/i;mMo-likc awrture and internal lube probably dtitloiJcd 
into nuineroub species now usually called Lagena " 

P 238. ** Anguloqemia with its sharply tnaiigular test is iriscrul, and from it 
came Trifarxna which is unisenal in the adult From Ihis^were prohably thnwd those 
angled "Lagenas" sometimcb called Trigonvlma and 1 eiragonuUna " 

Jn eveiy case, Cushman regards the unilocular forms as having evolved 
from multilncular ones 


Galloway (1933, p 230 vt siq ), in Ills account of the Nodosariidae, 
discusses at length the relationships of the unilocular foraminifera placed 
by him in this family. His views arc lt*o long to quote in full, but to 
summarize them, he regards these unilocular genera as end foims derived 
from multiUicuIar forms On p. 233, he gives reasons why they should 
be regarded as neither simple nor ancestral to the multi locular genera of 
the Nodosariidae, contrary to tlie lielief of Brady and others. Lagena and 
Amphorina are considered to lie derived from Dentalina and Nodosarvi, 
while Fissurina is regarded as having evolved from Linguhna. Oohna is 
considered to have Glandtdina as an ancestral form. 

108M/4ii.-8 
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Walttr y. Pan: 


On p. 372, he states:— 

Trigonulina seems to be the end stage from DentaOnofisu or from Tri fa rmU j and 
since it is usually monothalamous has iKretofore been considered as a synonym of 
Lagtna. Laqcna, as ordinarily dc£ned is a highly pol 3 rphyletic group, the end member 
of several lines of evolution. It nuiy also be that the three-sided forms of single- 
chambered foraminifera, here referred to Trigonultnaj were derived fr^ several 
diflTercnt families, but if so there is as yet no known way of sepanitmg the isoigorphs.'* 

On p. 380, Galloway remarks:— 

" In EUipsolagena, the internal chamlicrs have been accelerated out or rcaorbed 
much as in the case of Orbulnia, Whether EihpsohtfCiUi was derived from £//i^j^ifio, 
which It most nearly resembles, or from ElUpsobuiiminaf or from £//i^jo/mpsJtfw, is 
not clear. The carinate edge of the test, and particularly the compressed form of 
some species indicate that hlUpsolimiuliHa was the ancestor of EUipsolageHa It may 
be that EllipsoUigena, as now undei stood, embraces the end members of all three genera 
of the family mentioned as possible ancestors" 

Chapman and Parr (1936) and Glaessncr (1945) have also treated 
the lagenid foraminifera as having evolved from multilocular forms, 
lielonging to more than one family 


DisouBsion of the Lagenid Foraminiferal Genera. 

Lagena Walker and Boys, Testacca ininuta rariora, etc., 1784, p. 2 

Type species: Lagaia sulcaia Walker and Jacob — Scrpula ( Lagctta) 
sulcata Walkei and lacob. 1798 — Scrpula (Lagcm) striata 
sulcata rotinida Walker and Boys, 1784. Designated by Parker 
and Jones, 1859 

In Its typical form, as represented by the genotype, L suUaia (Plate 
VI , fig 1). the lest consists of a single almost globular chamber, with the 
apcrtnral end drawn out into a moderately long neck at the end of which 
is the circular aixTtiirc There is no entosoleiiian tiil^. 

The wall in sfiecies of Lac/em does not appear to show the variety 
of ornamentation seen in Oo/tau and Pti^urma, l>eing either smooth, as in 
L. rlavata (d’Orbigny), variously costate, as in L. sulcata (W & J ), 
L, lun’ihncafa Balkwill and W'right, and other species, or hispid, aculeate, 
or bea<Ied (as in L dt^loma-maryaniifna Parker and Jones). The reticulate 
ornament and double wall found in some siKHies of Oohna and Fissurtm 
are not represented, but the neck shows a variety of ornamentation not seen 
m these two genera, lieing at times longitudinally or spirally costate or 
annulated, 

Jfitphonmt dVrbiyny, Foramiut feres", in: Dictiounaire umversel 
d'histoirc mturcUe Pans, 1849, vol 5, p. 666 

Type species: No species named by d'Orbigny. ,hnpliorwa grartlis 
Costa. 1856, designated b\ Cushman. 1928 

This genus was elected by d’Orbigny for the receptuiii of those 
lageuid foraminifera with a fusiform body chamlicr one end of which 
is drawn out into a long neck terminating m the circular aperture The 
genotype, designated by Cushman, w W. gractlts Costa (Plate VI., fig, 3), 
but better-known examples of this generic tyi)e are Lagt na distoma Parker 
and Jones and L. distoma-margariiifera Parker and Jones. The genus 
differs only from Lagena in having the aboral end tapering to a point instead 
of having the end rounded as in Lagenae of the L. sulcata group. The 
lorms with rounded tests intergrade with those of the Ampharmi type 
to such an extent that it is not possible to draw a dividing line between 
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the two Structurally the two genera cannot therefore be separated and 
the writer accordingly agrees with Cushman that the Amphonna fomib 
should be included under Lagena 

Oolma dOrhgn/ \ o\uji dm\ lAinenqi{ m ndnnah i onnntnt 
fercK Strishourg I evnult 1839 vol 5 pt 5 p 18 

lype species Ooltua hcttyata d(hl>ign\ 1830 l)tsigiiate<l by 
(iillow'i} and Wissler 1927 

For some unknown reason the genus Lagtria was never used by 
d Orbigny although it had l>een recognized by two other 1 1 ench authors 
Dcfrance and Deshayes before the genus OoUna w is erected Ooltna as 
aesenbed by dOrhigny includes fonns of Layma i i^surina ind Ooltna 
as now understood J he genotype of Ooltni O laertyata d Orbigny 
(Plate Vl^ fig 5) was first designated bv Oalloway 'ind Wissler in 1927 
Although d Orbigny states that the test of this species is very trinspaient 
he makes no reference to an internal tul)€ which if present shi uid have 
leen readily recognizable. As il is not visible in his hguic the pcsiti m of 
Ooltna would l)e iK ubtful but for the lufornntion given by IJeron Mien 
and I arland m then work on the foraminifera of the he T ree Aui of the 
I alkhnd Islands and Adjacent Seas (1932 p 361 pi 10 fig 4) They 
did not find the type si>ecimen of O laiztyata from the Falkland Islands 
but record that there is another specimen from the same area in d Orbigny s 
collection labelled Ooluia laeiigata This they ci nsidci t be tin same as 
Lagena glolo^a (Montagu) \notlici specimen from tluir own nutenal 
fioni the I alklands is hgiued by them and is \eiy simdir t <1 Oringny s 
tyiie figuu As the enlos lenian tulx is visible in then hgmc there apt^ears 
no doul t that 0 lacciyala liclongs to the giciip uf ligeiud fotaminifcia for 
which iltiamson later proposed the name )f Jniosohnia Ooltna is 
accordingly legarded as a valid genus with 1 nto olcma as a synonym 

I ht test if OoUm in most species is spherical or uvoid and the will 
may he siiuilh is in O Im^gata d (Jibigny ostate as in O coHata 
(Willumsoii) or teticulated as in 0 hexagon i (Williamson) and O 
ujnatnota (Montagu) lu one species O hrrhtigiana (Bruly) the wall 
IS double and on both the i utside ind insult surfaces of the test it is 
conspicuously pcrfoi ilcd 

Ihe apiitiiie in O but is typically i centrally plated luunded temiinal 
orihcc which ojKns inUrnilly into an cut solcnian tulic In the genotype 
O laecigata it is at the end of a very short neck Ju one species O 
globosa (Montagu) it may be rounded ovate slit like lii ladiite ciuciform 
or ridiate (ztde Hiady 1884 p 441 text figs llay), but such vanati >n 
!•» net typical of O fflol sa is it iisnallv tciiis The i|Krture in tins 
species is generally a lounded opening but is not infiequcntly stellite 
I he stellate aperture is found in fossil examples of () glolosa from tht 
Miocene <f \Ktoni ind ma\ oceur tirliei With the exception ol 
0 globosa dl sincies of Odina have in the writers ixpeneiiec constantly 
a rounded a]>ertuH 

Another feature which is found in O yloh) i and its eostite variant 
O Itneata (Williamson) is the occasional development of an cctosolenian 
tulie This IS not an extension of the body chainlier of the same character 
IS the neck of Lagena sulcata but is meidv a prolong ition of the outer 
end of the internal tube It has been well figured by Wiesnci (1931 
pi 18 fig 215) from the Antarctic where the writer has met with similar 
examples Brady {lor supra cU) has also figured several examples of 
O globosa from the Irish Sea showing the same firm of structuic The 
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ectoflolenian tube is rather irregular in form and in one of the specUncw 
figured by Brady (Plate VI fig 4) the outer end of the tube ti tnitncated* 
Balkwill and Wnght (1885, p 336) note that 0 huMa frequently bears 
an external tul»e which is often bent and irregular in shape They figure 
(loc cU pi 14 fig 14) a specimen showing a straight annulated tube 

In one species of Ooltua Bradys Iagena fiertutguina there is a short 
internal tube and a delicate cetosolcnian neck The shape of the neck, its 
diameter whitli is the same as tint ol the intern il tulie and the abrupt 
manner iii which it nses from the aptx of the test suggest that it is 
merely in extension of the inteiiial Itiix' of ihe same nature as that seen 
in 0 glol osa and O Imeaia 

One spcties of Oolum ( iishnnn s I agena lolUirw (PI ite \I hg 6) 
from the North P-icific has an apcrtuial chimbcrlet from the base of 
which and not from the extenoi opening the internal tube commences 
Sidebott* m (1912 p 380 pi 14 tigs 7 8) m his pa^Kr on the Lagcnae 
of the South West P-icihc has figuicl undei the name ot Lag€%\a giobosa 
(Montagu) bilotuhr fcinis two sixniuens sihuh hive a virv small second 
chanilxr lii fig 7 the cntosolemin tube is is in / coIlariK found only 
*n llu iniiial dnniler hut in hg 8 each ihamhtr has an entosoleuian tube 
Mr Arthur Larland has sent me i ^tidi containing three specimens of the 
same form as Sidclxittom s and in each of the-a. the enlusolenian tube is 
develo|>cd onU in the first chamber While an apertural chamberlet is 
commonly found in the multilcKutar forms of the Nodosarndae and m the 
Polymorplumdu the records now given appear to be the only evidence 
of 1 soim h It similai structure in the lagenul fonminifera 

Ihert lie several described species which aic probabl} referable to 
Oohita altlu ugh the apertural end of the test s drawn out to form a neck 
"tsenihling that seen in Lagem Two of these Bradys Lagena stelhgera 
and Heron Allen and 1 arlands / are Rcteul forms and two others 

are the feitiary species figured by Silvestii (1912 p 153 text figs 18-22) 
under tht names of L ^h'umosa Reuss \ar Kchhchii Silvcstn and / hystrtx 
Reuss (Plate VI fig 7) These four forms all have an internal tube 
flic writer has also met with a smooth eiitosolennn species like 0 giobosa 
with however a short neck m the Upper Crctaicnus of Dandarragan, 
Westeni Auslialia Another fossil species with a produced neck in addition 
to a proliahly entosolenian tuixj is descnlied l)y Macfadyen (1941 p 63, 
pi 4 fL M) under the name of Lagena datou from the uppermost beds 
of the Lower lias of Fiigland Macfadyen was n it able to satisfy himself 
beyond douljt of the presence of the internal lube but it is not unlikely 
that the Mesoroic species showing the external characters oi the genus 
Lagena include a number in which the entosolenian tulie is also present 
As will l)c seen later the apeUural end of the test m many spccica of 
Ptssunna is similarly extended and the same development is to be expected 
in Oohna which differs only from Ftssunna in having the test rounded in 
transverse section instead of lx mg compressed 

Fntosolcnia Williamson Ann Mag Nat Hist str 2 vol 1 1848 p 5 

Iype Hpeeies Lntosolema luuata Williamson 1848 

This genus is regarded as a svnouim of Oo/imi d Orhigny 18^9 (qv) 

Pt\Aurwa Reuss Dcnksdir k Akad Wiss Wien Math—Nat Cl, 
lul 1 1850 p 366 

type species rtstnnna lamgata Reuss 1850 (Plate VI fig 8) 
Monotypic 
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Tb^ chmctcnstics of thi^ genus in its typical form are a compreasedt 
aUbgl^tMllai’ test ^ith a temiinal fissure like cavity which is deepest at 
^ centre where ts situated the rounded aperture Internally the a|)ertutt 
t« extende<l into a straight tubular proce<«s directed into the centre of the 
body cBvit> Apart from the variations in the nature of the surface 
ornament and the amount of inflation of the test the aptrinral end ui 
many spedies tends to be drawn out into a neck and the outer marmn 
of the aperture then loses its slit like shape becoming oval (r even circmar 
in Outline These forms constitute Seguenzas subgenus Produttine” 
(vidt Se^enza 1862 p 53) A well known species exemplifying the 
ixsstmnai with a short apertural neck and o^al aperture is Bradys 
cliUhraia Representatives of those species of Fxssurxna with an elonrated 
neck and arcular aiierture are Williamsons Entosolenxa laqenotdes (Plate 
VI, fig 15) and the forms figured by Brady m the Challenger* Report 
under the*name of Lagena formosa Schwagei In one species of Fissunna^ 
Hadas Lagena curia (Plate VI fig 14) the aperture is radiate 

The species of Fissunna have received closer attention from Seguenza 
(1862) than any other author In idditicn to the Prrdiittinc already 
mentioried he recognizes two other groups Fissunne iiul Tubuline 
The Fissurme and Produttine comprise respectively the forms with 
the typical aperture of hmxmna and these with the aperturil end extended 
into a neck in none of which he had observed the presence of an internal 
tube Those forms with an mlernal tube were referred by him to the 
fubtilinc which embraces species with the external aperturil characters 
of both his Fis&iinnc ind nis Produttine Despite this division of 
the genus into sj^ecies with in intemil tube and those without it the writer 
has never met with a species of i tfjurifta m which tl e nitemil tube was 
not present Individual specimens may occiu from which for s< mt unknown 
reason the tube is nnssiiii, but the> are always associited with other 
^cimens of the sime sj>ecies showing the typical characters of hxs^unna 
The tube in seme species eg F diihrata (Brady) is very short but 
generally it e\teiids well down the centre ol the body chamber Altboii^ 
u&ually stnight it may is m F hspuio^a (Hada) and other species 
curved back towirds the mirgm cf the chamber ani is occasionally 
b shaped c \ twisted like i c irkscrew towards one side f f the test 

In other species eg the form figured by Bndy (1884 pi 59 figs 
8 11) as laqtiii siaph^ilharia (Schwigcr) the tube instead <f being 
centrally placed is directed to one side following the curve of the chamber 
wall along a line midway between the margins of the test J his dqiarture 
from the usual position of the cntosolenian tube is considered to be the 
first step in the transition from Fxssurxna to Para fissunna in which the 
tube typicilly occupies this position Mr EarUnd has pointed out to me 
that in forms in which the tube occupies this position it is frequently 
attached to the wall of the chamber and is then semi circular m section, the 
chamber wall forming the flat side Ihis has been described by Sidebottom 
(1912, p 406) In the species rectirded by Bndy (iot Kupra ut) as 
lagena siaph^Uearut (Schwiger) the tube is fret and circular in section 
at first then becoming attached and semicircular in section in its liter half 
(Plate VII fig 3) 

Another direction m which F^sunna vanes is in the shape of the 
body diamber The amount of compression may be so slight, as in P 
etewartH (J, Wn^t), that the test is oval in transverse section but in 
most species the test » compreBsed to such an extent that it is distinctly 
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carinate. Up to as many as seven or more soamnal keels may be devdopedr 
acd in some species, e.g., P, formosa (Schwager^, the keel may be tubolated* 
The surface of the chamber may be <?Tiiooih, e.g.. F, lemgata Reuse; 
longitudinally costate, e.g., F. clathrata 0rady) ; bttded, e.g., F. castr^n^ 
< Schwager); pitted, e.g., F. lacutuzto (Burrows and Holland); redoulate* 
e.g„ F, squQiHoso^s^cata (Parker and Jnries); or with costae (Mr. Eartand 
informs me these are actually tubules in the wall) radiating from a more 
or less central point, eg., F. radiato-iHQrg\mta (Parker and Jones) (Plate 

VI. fig. 11). 

SjKcies of Ftr,v»r»»w, eg. F. pulchclla (Brady), F. orbign'^na 
Seguenza (Plate VI., figs. 12, 13). and F. lagenoides (Williamson), show 
a tendency to develop trigonal and tetragonal forms, some of which have 
ifcen figured and described as new sjiecies by Balkwtll and Millett (1884) 
in their |)aper on the foraminifera of Galway. In a later paper Balk will 
and Wright (1885, p 341) abandoned this view as to the status of these 
forms, remarking that trigonal cKamplcs of nearly all the British depressed 
Lagenac had been found liy them Segueu7a\ genuH Trigonulinn is clearly 
teased on trigonal forms of this nature While these trigonal and tetragonal 
forms are generally associated with the normal form and are therefore not 
true species, there is one s|)ecies in which the triTOnal form is almost 
constant. This is the Antarctic species descriljed by Wiesner (1931, p. 121, 
pi. 19, fig. 230) under the name of Lagena texfa (Plate VII., fig 2). It 
liafi the most highly develo[)cd test of all the Fissunnae. Quoting Earland's 
excellent description of tlie wall structure (Earland, 1934. p. ir)5), “The 
three facial surfaces arc slightly convex and double walled, the stout internal 
wall lieing covered by low ramifying costae, over which is a delicate and 
hyaline outer shell. The spaces liciwccn the costae form cellules, irregularly 
Fusiform in shape, like the pulp cells of an orange.” No other species of 
Pissurim known to me lias a douWe wall. Neither Wiesner nor Earland 
records the presence of an internal tube, although it should lie noted that 
Wiesner placed the species in the sub-genus F.ntosolcfm. However, on 
breaking open sfjecinien.s, the writer found tliat the species has an internal 
tube. Tile mbe, which is straight, slender, and slightly liell-mouthed at 
the inner end, extends centrally into the chamber cavity for about one quarter 
of the length of the latter. 

Several other specie.s may be referred to here. Ilirec of these, Lagena 
cymbula Heron-Alien and Earland (Plate Vll., fig. 1), L. cymbaeformis 
Millett, and L. depressa Cliaster, all have a depressed oval test, with an 
internal tube which passes down the median line of one of the longer sides 
of the test. The aiierture is cither round or oval Like Joseph Wright's 
fjigena stewariu, these s|)ecics all connect Oohna with F«j»ri/ra, but in 
view of the slight lateral compression of the test and the position of the 
internal tul)c, they are perhaps best referred to Fissnnna, although they 
are far from t 3 rpical of this genus. The other form, Lagena sielltgera 
Brady var. nclsoni, described by Hcroii-Allen and Earland (1922, p. 
pi. 5, figs. 20-22) from the Antarctic, is one of the most almormal of all 
of the iagenid foraminifeta. 'fhc aperture is directed to one side of the 
irregular compressed oval test and there is a long S-shaped internal tube 
extending almost to the liase of the test, which is encircled by a collar-Iikc 
keel While the form might be regarded as an asymmetrical Oolina, it is 
[Hobably nearer Brady's Lagena fimbriafa than to any other species and is 
accordingly here referred to Fisjurina, Very similar forms not yet deacrlb^ 
occur in the Early Tertiary of Victoria. 
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While Firntrina has been Defected by most authors, it appears to be < 
the mpst important of all of the la^id genera, its variety of forms and 
ornamentation showing a greater development than any other s^na of 
the foraminifera. It is also represented by a larger number of well-defined 
species than any other lagenid genus. 

TriffOnuUna Seguenza, Dei terreni Terctarti del dtstn^tto dt Messina; 
Forte II,—Descrisione dei foramintferi monotalamici delle marne 
moceniche del distretio di Messina. Messina, 1862, p. 74. 

Type species: Not designated. Trigonulina oblonga Seguenza, 1862, 
first species, designated by Cushman, 1928 (Plate VI., fig. 16). 

This genus is regarded as a synonym of Fissurwa, q.v. 

Ellipsolagem A. Sdvestri, Mem. Pont. Acc Roniana Nuovi I.incei, 
scr. 2, vol. 6. 1923, pp. 265, 268. 

Type species: Ellipsolagena acutissinia (Fornasini) —i Lagcna 
aeutissiina Foma.sini, 1890 (Plate VII , fig. 5). Monotypic. 

The characters of Elitp^olagcm, as it is understood by most authors, 
are a monothalamous test, with an internal tube directed Imckwards from 
the aperture which is elongate, suhterniinal, cutved, with one side raised 
into a protecting hood. While Lagcna venirtcosa Silvestri was designateo 
the genotype by Cushman (1928, p. 265) anil this was accepted by Galloway, 
it was apparently overlooked by both authors that Silvestri, in the paper 
in which he named EHipsolayetia, had referred Lagcna acutissinia Fornasini 
to the genus No description of the genus wa** given by Silvestri in the 
body of the i>aiJcr, Iiiit on jiagc 268, in his explanation of the plate, he 
descrilies Fig. 13 as follows*— 

" Lagena acuhmnia Fornasini (1890, Mem. R. Acc Sci. Bo1o|j[na, scr. 4a, vol X, 
page 466, tavola, fig. 2, 2a) =:Elliptotagnui aiutissima (Fornasini) . " 

As L acutissima is the only species mentioned, it is necessarily the 
genotype and its characters determine those of the genus. Unfortunately 
Silvestri had not copied Fnrnasini’s figure of the aperture of L ocuttssima 
correctly, as he shows it to lie slightly arcuate, while in Fornasini\ dra^sing 
it is an elongated oval Fornasim’s figurcb in the 1890 pa^xir (Plate VII., 
fig. 5) (he figiiied only the front view of what is unquestionably the same 
form in his original description of L aculissuna and in neither case 
described the aperture) show the sjjccics to he a Fmunna-hkv foim without 
any sign of the hooded aperture found in FJhpsolagena, as this genus is 
usually understood. 11ic absence of any reference in Silvestri*s paper to 
his own earlier species, I.ngcna ventnea^a (text-fig. 1) and Ftssurina 
schlichtt (Plate VII., fig. 6), both of which have a hooiled aperture, suggests 
that he may not have considered them to be Elhpsolagenae. It will also 
be noted that the genera incluHed by him in the family Ellipsoidinidae 
(vide p. 265 of the pajwr) do .lot include Plcurostomelia or any other 
genera with hooded apertures. This probably gives the rrason why he 
omitted mentioning Lagcna ventricosa and Fissunna schlichii. In the 
circumstances, there appears to be no alternative but to rerard Ellipsolagena 
as a synonym of Fissurina and to erect a new genus for the hooded lagenid 
forms. For this genus, the name of Parafissurina is proposed. 

Parafissukina, gen nov. 

Test calcareous, perforate, consisting of a single, usually compressed, 
chamber, with an internal tube directed backwards from the sub-terminal 
aperttire, which is an arched or crescentic opening facing the front under 
a hood-ltkc extension of the ventral wall of the test 
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Type species Lagam vta$f%eosa A Silvestn, 1904 (tesct-fig 1)« 

Both Cushman and Galloway, and in this they were followed by Chapman 
and Parr, rc^rd the hooded li^g^id species as beu^ unrdated to the 
nodosanan forms ard group EUtp^olag^na with EUtpsotainaj 
and similar genera of which they consider it an end form In the pimter’s 
view, b^d on the examination of examples of a large number of ^lecies, 
this IS mcorrect an<l he regards the hooded forms as a development from 
Fumruui 
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As has already been pointed out the first indication of the development 
of Farafissurtna from Firruma is the alteration of the position of the 
entosolenian tube from the centie of the body chamber to a point midway 
between the margins of the test along one side of the test When this 
lb observed the aperture should be examined from the side when it will be 
found that in some specimens particularly of the species figured by Brady 
(1884 pi 59 figs 8 11) under tfie name of staphyUiana (Schwager) 

the apertural margin on the side of the test under which the internal tube 
extends is slightly higher than the opposite edge to the aperture (Plate Vll, 
fig 3) ElUpsolagena moHrircMU Howe and Rolierts (Plate VII fig 4) 
also shows this structure Jhe diffeiencL in heij^t between the two edges 
is sometimes so slight as to be barely perceptible In these forms the 
ajxrture is a straight fissure hut in others c g Fissunna htcomca Silvestn 
(Rate VII fig 8) and F ottwa Egger there is apparently no difference 
in the height of the nm to the apertuie but the aperture itself is arcuate 
m shape Irom this point the apeitural iharacters devtlop along several 
lines The margin of the aperture on what may ntw he itfcrred to as the 
ventral side of the test increases in height and inclines forward till it forms 
a pronounced hood which may as in Wrights 1 agena marguiata (Walker 
and Boys) var tnaequtlateralu (Plate VII, fig 7) and Chaster s L mtlktHt 
(Plate Vll, fig 9), completely surround the aperture Ihe aperture itscll 
becomes crescentic (as in Lagena ventricosa Silvestn) when seen from 
above and then develops mto an aichcd opening (EUipsolagena doringnyana 
Wieaner and other species) finally becoming arcular as m Lagena mt&ettn 
Chaster ^ Where the hooded openuig is large, as m EUtpsolagena margtnaia 
Wiesncf^ a plate is developed wbi^ nearly fills the c^iemng, leaving the 
aperture a curved fissure between the plate and the ovcrhanguig hood 
The description of the aperture as so far given refers to the external 
appearance of the apertural cavtty (the Mundungsniche of Wiesoer)^ 
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The Aperture itself, like that of Fusurtna is situated at the base of the 
eavity and is a rounded opening from which the entosolenmn tube extends 
iiito the intenor of the test 

Except that the entosolenian tube in Parafis^unna is curved to conform 
to the shape of the side of the teat cm which it rests vt is exactly similar 
to that found in Ooltna and most species of Fissuntta vu a narrow tube 
of even diameter throughout usually becoming somewhat bell shaped at 
the lower end No structure of this foim is found in any genus of the 
Ellipaoidinidae or in any families other than the Nodosanidae and the 
Polymotphinidae and there accordingly appears to be no doubt that the 
relationships of Parafissurxna are with Uohna and Fi^^unna and not 
elsewhere 

The test in species of Parafissunna docs not develop the vanety of 
ornamentation seen in Ftssunna Most species have a single encircling keel 
but an undesenbed species from the Tertiary of Victoria has two keels 
and in Wiesner's Elltpsolagena dorbtgnyana from the Antarctic there are 
three In P lateralis (Cushman) P cor (Wiesntr) mrl si me other spenes 
the teat is compressed but the margins are rounded Species with costate 
pitted beaded or rebculated faces which occur in Fiuiirma do not appear 
to have been recorded if we except the costate Flhpwfagena Siulpturata 
Cushman and Bermudez tlie generic position of which is doubtful 

Apart from the Eocene species Elltpsolagena tnaurtu mis H( we and 
Roberts which is not a typical ParafissurvUi the earliest satisfactory 
published records of the genus are from the Miocene Ihe wnter has 
however met with a species of the normal hooded type in the Upper Middle 
Focenc (Bortunian) of New Zealand and sexcraJ species ttur m Ijcds 
of Upper Eocene or I ower Ohgocenc age in Victoria 

As there are several anomalous lagenid f( raminifcra which are c nsulered 
to be species of Parafissunna it may be desirable to give a list of the fcims 
now referred to the genus This comprises only those known t'l tVvc writer 
and IS therefore prot^bly incomplete The forms using the generic specific 
and vanctal names under which they were originally des nbed arc 
blkpsolagena btdens Cushman E ovata Wiesner / margin tti Wiesner 
L erj I Wiesner I /Mn/irwifj Wiesner L /fl/o V\ le ici I ror v\itsiicr 
F dorbignyana Wiesner F ftjtensu Cushman 1 ucullaia lhapman and 
Parr F (maHncensiK Howe and Roberts Ftssurtna s hhctiU \ Silvesln 
F btcomia A Silvestri F obtusa Lgger laguna rrufur m V Silvcstn 
/ lattralx^ Cushman I marqmata (Wall ei niul Ro>s} \ ir armata 
Sideliottom / fKar^ino^a (Walker and Boys) vir macludat ri/r? J Wright 
L tnaequd lierolis W right vnr w mtnarqmat / SuIlIk tt in I millcttu 
Chaster L elcocktana Millett (Plate VII figs 10 11) / invagmata 
Sidebottom L trregulans Sidebottom L remformi Sidelxtlom and its 
vanety sptntgera Sidebottom and L ungua llen}M Mien and Earland 
Reference to Sidebottom s papers on the Lagenac of the South West Pacific 
(1912 1913) will show that he figured a number of rthcr hooded forms 
but idenbfied them with previously described species in which the aperture 
IS typically fissunne These hooded forms require describing as new species 

To sum up the conclusions so far reached the writer recognizes iMgena 
Oohna and Ftssurtna as valid genera Entosolema is regarded as a synonym 
of Oohna, and Elhpsolagena of Fu^ruui A new genus Parafissunna is 
erected for the recephoh of the hooded lagenid species hitherto referred to 
Elhpsolagena 
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The BelatioMlilpe of the General 

The earliest true lagenid foraroinifera appear in the Tura&sic, in vrtiidi 
they arc of comparatively rare occurrence. From the Lias of GcrtnaiVy, 
Franke (1936) has recorded a number of species tmder the names of 
Lagtna vulgaris Will., L. ghbosa Walker, L. stutseri Franke, L. clavata 
d'CJrb., L, ovata (Terqucni), L. urnula Franke, L. mucrofiafa Terq. and 
Bcrthelin, L. vxystoma Reuss, and L. to Franke. Terquem and 

Berthelin (1875) have recorded L. ovata Terq., L. acicularis Terq., L, simplex 
Terq., L. vulgarts Will., L. clavata Reuss, L. mucronata Terq. and Berth., 
/-. hupida Reuss, L. aspera Reuss, and L. laticosta Terq. and Berth., from 
the Middle Lias of France With the exception of L. stutBeri (Plate VI., 
hg. 9), which h compressed and without an apertural neck, these spedes 
are df forms in which the test is circular in transverse section. They include 
typical LagetiaCj a number of which are of the amphorine t 3 q^, and apparently 
also species of Oolirta, although it is not stated that an internal tube has 
been recognized in any of the specimens. Undoubted OoHnae are, however, 
known to occur in the Jurassic, as Haeusler (1887, p. 181) records and 
figures under the name of Lagena globosa Montagu specimens showing the 
inlemal tube from the Upper Lias of Switzerland. 

The presence of true Pissurinae in the Jurassic is not so well established, 
as, while Lag/*U(i i/H/rrn b'ranke and L. comprcssula GUmliel (Plate VI,,' 
fig. 10) have the external characters of Fissurim, no statement of the 
existence of an internal tube in these species has been made. When we 
come to the Lower Cretaceous, tlie species of lagenid foraminifera are in 
^neral form much like those from the Jurassic, although more varied. 
Haeusler (1887, pi. 4, fig S3) has figured under the name of Lagena 
marginaia Montagu a compressed, carinate form from the Neocomian of 
Switzerland which in external features is a typical sj^ies of Pissurina. 
Chapman (1893, pi. 8, figs. 1-16), in his work on the Gault of Folkestone, 
figures from the Albian a number of species which include true Lagenae, 
as well as what may be forms of Oolvta and Fissurina (recorded as L^ena 
marginata Walker and Boy.s). The internal characters of these species 
are not however de.seril)ed, and it is not until the Upper Cretaceous that 
one finds uiidnubtcd Fissnnnae of similar types to those which are so common 
in Tertiary and Recent deposits. As has already been stated in the notes 
on Para/ijj«ma, this genu^ makes its appearance in the Iviccne All four 
genera occur in many forms in the Tertiary and have a world-wide 
distribution in Recent seas in which they reach their greatest development. 
In the Tertiary of Victoria they arc exceptionally well represented, over 
one hundred species occurring at one locality, Balcombe Bay, in lieds of 
Miocene age. 

From the evidence available, there can be no doubt that Lagena and 
OoUna both appear at least as far back as the Lias and that forms whh 
the external characters of Fwjttniia are also present in the early Jurassic. 
It also appears proliahly that Fissurina came from Oobna in the Jurassic 
by the compression of the test and the consequent development of an aperture 
adapted to the requirements of a test of this shape. For reasons whi^ 
arc pven in the notes on ParapssuriM, it is considered that the hoMed 
lagenid forms were derived from Fissurina and that they have no relationship 
to the Plcurostomellidac. It is however more difficult to demonstrate 
satisfactorily the relationship between toese entosolcniBn genera and Lagena, 
There is some evidence which may indicate that the entoaolenian fonns 
belong to the same family as Lagena, In several genera of the Nodosariidae 
and also of the Polymorphinidae, multicamerate forma occur which have 
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damloped the internet tube. Brad^ (1884» p. 443) records its presesoe 
la Recent ^>eciea which he identifies as Nodosaria catomorpha Reoss, 
Pdymarphina angusta Egger, and P. lanceoUUa Reuss, and the writer has 
tkw obeyed an internal tube in the genera Glandulina and Sigmomorphina, 
There are also the peculiar minute forms with a fissurine aperture and 
eatosolenian tube described under the names of Frondtcularta franslncens 
Heron-Alien and Earbnd, LingtUina armata Sidebottom, Z,. carinaia 
d'Orbigny, var. bilocuU ]. Wright, L. falcata Hcron-Allen and Earland, 
(L. qu^rcda Heron-Allen and Earland, and L. translucida Heron-Allen and 
Earland. A slit-like aperture, resembling that of Fissurhuif but without the 
internal tube, is found in typical siiedes of Lingultna, in Gonatosphaera, 
and in an undescrilicd \^ictorian early Tertiary species otherwise like 
ClobuUna, and Dr. M. F Glacssner has a species from the Pliocene of 
Papua resembling in form Gutiuhtia but with a slit-like aperture. 

It might lie suggested that none of these species or genera belot^s to 
the Nodosariidae or the Polymorphmidae, although, on their general form, 
it would be difficult to place them elsewhere. On the other hand, structures 
comparable with the fissurine apertures and the internal tube are not known 
in an^ other family of the foraminifera. It is true that in some species 
of Siphogenerina there is an internal tube, but tliis is of a different type 
from that seen in the entosolcnian forms under discussion, being much 
wider and extending from the top to the bottom of each chamber, while 
the short phialine apertural neck of this genus is unlike any aperture found 
in the Nodosariidae or the Polymorphinidae 

As apertural characters of the types found in Lagem, OoHna, and 
Fissurina all occur in species of the multicamerate genera of the Nodosariidae, 
there can l)e little doul)t of the relationship of Onlina and Fissurina, and 
also Parafissurina, to Lagcna and to the polythalamous Nodosariidae. 

Whether the lagenid genera should be regarded as end forms derived 
from the multilocular genera of the N(»dosariidae now iieed^> to be considered. 
While it has been slated by authors that the lagcniform foraminifera arc 
end forms develoi^ed from polythalamous genera, there is, in the writer’s 
view, nothing to support this. If this were correct, one would expect that, 
among the hundreds of species of lagenid foraminifera, microspheric 
examples would have occurre<l showing more than one chamber. No one 
has, however, to the writer's knowledge, ever recorded a microspheric 
specimen of any of these species. It might be suggested that they have 
been found and referred to one of the multilocular genera, but this is 
unlikely as the external characters of most species of tlie lagenid genera 
are sufficiently distinct to enable the microspheric form, even if multilocular, 
to be ass(x:iated with the inegalosphcric form. '^There is, of course, the 
possibility that, as in some other ^era of the foraminifera, microspheric 
forms apparently do not occur iti the lagenid foraminifera. However, 
in the absence of microsplimc multilocular specimens, there is no direct 
evidence that these single-chambered forms were derived from multilocular 
forms, the view that the latter were ancestral to the former l>eing lascd 
on apparent similarities in form, ornament, and apertural characters. The 
writer considers it more likely that the lagenid foraminifera, while 
undoubtedly closely related to the polythalamous genera of the Nodosariidae 
and the Polymorphinidae, have not evolved from them, but had a single- 
chambered ancestor. What tins ancestor was is unknown hut it may Iwve 
been either a chitinous form or, perhaps, the Palaeozoic genus ArcKaekigena 
Howchin, which in many respects is close to Lagena. Whether the multi- 
locular Nodosariidae were derived from l/igcna, Oolina, and Fissnritta, or 
caoie directly from the same ancestor as these genera cannot be stated in 
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our existing itate of knowle<^. Atthowh wel]-<teveloped multalociikr 
genera of trie Nodosariidae ocrur in the Pcrmiani there doM nut N9W 
to be any satisfactory record of Lagrna, OoHna, or Pissufina from ^ 
Palaeozoic. Archaelagma is known from the Cartoniferous» and Chapmaii 
(1900) has recorded from the Upper (^brian of England under die 
name of L^tna a single-chambered foraminifer the wall structure of wbkli- 
is uncertain, but which is possibly diitinous. 

The exact relationship of the lagenid foraminifera to the polythalamoui 
Nodosariidae is therefore uncertain, but the high de^ee of omamentitim 
found in the older genera, particularly Oolina and Fissurinaj which is in 
advance of anything seen in the multilocular forms, as well as ^e specUdized 
apertures, best developed in Fissunna and Parafisturina, indicate a differmt 
line of developinent. It is accordingly suggested that the four genera which 
liave been described should be grouped in a separate family, the Lagenidae, 
and that the family Nodosariidae should comprise only those polythalamous 
forms which have hithcrti. formed only part of this family. The sumf- 
family Lagenidea recently proposed by Glaessner (1945, p. 126) will uien 
embrace those two families and the Pu1ymor]>h]iiidae. A description of the 
Lagenidae, with a key to the genera of the family, follows *.— 

Family Lagenidae.—Test calcareous, i^erforate, consisting of a single 
rounded or compressed chamber with or without an apertural 
neck; aperture terminal or sub-terminal, variously formed, 
rounded, stellate, radiate, elliptical, slit-like, or an arched opening 
directed to one side under an overhanging hood. 


Key to Family Lagenidae* 


I Test with termuul aperture— 

A. With apertural neck ami without mtosolcnian tube .. 

B With entooolenian tube and without or with apertural 
neck— 


(1) Test circular in transverse section 

(2) Test compressed 

11. Test with Sub-tcrmnial aperture and cntosolenian lube 


Lagvna. 


Oolina, 

rUsunna. 

/'uru/Sj^NrifM. 


In conclusion, the writer realizes that the genera he has recognized 
could justifiably be subdivided into a larger ntini! er of genera Mr Earland 
lias pointed out to me that the double wall seen in some species, e.g., 
Wiesner's Lagena iexta, Brady's L. hertungwfw, and Heron-Allen and 
Earland's L. 5ro/(»; the marginal tubes in species such as WiUiarason’s 
Enlosolcfita lagenoidcs and £. fttorginaia var. ornata, and Schwager's Lagrna 
^rmosa; and the development ol liorizontal tubules on the surface, as in 
Parker and Jones' L, rodiafo-wurptiiofa, are all much more radical differences 
from the presumably original form, a simple globose teat, than the differences 
on whicli Oolxna, Lagcm, Fissurina and Farafissurina are separated. The 
purpose of these notes has, however, been to deal with the status, and more 
particularly, the relationships of known genera, leaving the description of 
new genera to other workers. 
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THm iMgsmd J^drammftra and Their Relat%onships 

o( over 1|000 spectmetu of these forms selected by him from the nntenAl 
tie ha* examined dunng work on the forannnifcra extending over a period 
of neariy sixty years Mr Larland has also kindly sent another shde of 
flpeemiena from the South West Pacific mounted by the late Mr W 
Blundell Ihomhill whose main collection of these forms from the same 
area was described by Henry Sidebottom m the Journal of the Quekett 
Microscopical Gub for 1912 and 1913 
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BxpUuuktion of tho Platoc* 
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Abt XI —A 200 Ky l^iutron Generator 


By L H MARTIN, R D HILL & J DARBY 

(Fhyiica Department Umvenity ol Milbournc ) 

[Read 13th December 1945 ] 

Abstraot. 

A brief account is given of a 200 KV Neutron Generator which can be readily 
constructed from materials available m an Australian laboratory The ion source is 
a (^ennm glow discharge of the Oliphant type The equivalent activity of the 
generator is approximately 3 curies Rn ^ ne 

Introduotion 

The Simplest neutron source c nsists of i st I'cd tulx- ctntaining 
berylliiini powder mixed with radon Histoiically this was the first type 
of neutron source ustd 

Mthough intense source can lie obtained l)> this method thev suffer 
from the defects of decay with a half life ot 3 8 days (the half life of 
Rn) and of an intense gamma ray l>ackgiound from the i idem decay products 

Artificial sources of neutrons have I>een developed using nuclear 
disintegrations in which neutnms art one of the products Ihcse sources 
have the advantage of Ivcing ci nstantly available uid he mis of neutrons 
lan he olrtained with intensities tar exceeding those available from natural 
ladioaclivc soiiices 

The practicability of obtaining intense neutron snuices from low voltage 
iccclcration ajiparatus (is distinct fioni the cyclotron and the high voltage 
van (le tiraafT apparatus) wis dcminstrated In Oliphint ind Rutherfoid (1) 

Neutrons were obtained from the D-D reaclK n in which accelerated 
dcutcrons disintegrate deuterium to piuduce helium ct mass ^ and neutrons 
le JP + iH — ,lle=+ n 

Ihe efficiency of this reaction is comijaralively lii|,h at low Iximbarding 
energies and the neutrons have approximately Ik inogcneous energies in 
tl e region of 2 2 million electron volts 

Ihc yield of neutrons in the above rcactum is a fiiiution of the energy 
cf the Iximbarding ions and their nunilxr fn high voltage generators 
such as the Van de Graaff machine the ion current is quite small usually 
of the order of 10 micro amities In low voltage generators such as 
that described in this paper the use of Urge ion cunents oflFsets the low 
cncigv of the ions T( this end special attention has been directed to the 
design of the ion source and scveial different sources have been described 
Some of the more icccnt devclopnents in neutron generator design art 
referred to in references (2) (3) (4) (5) 

AcCti ravTioN Tubl 

Originally it was intended that 200 K V should l>e applied across a 
single gap as in the Pliilips iitiUrc n gcncratt r hut it was found that 
continuous operation could not be attained alnive about 150 KV The 
failure to withstand the full potential was associated wc believe with 
secondary electron einis ion and attempts to limit this by the development 
of a well focussed ion lieam and bv its careful alignment were not completely 
successful Accordingly the accelerating tube was divided into two sections, 
each built to withstand 100 K V and reliable operation at the full potential 
resulted immediately Stable functioning of the tulie at full potential was 
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(effected also by using very high resistances (c. 10 megohm) in the leads to 
ihc tul>e electrodes The pur|)Ose of these resistances is no doubt to limit 
the growth of a discharge which might be initiated by a small burst of gaa 
in the tiil)e 

The potential of the target is determined partly by the purpose for 
which the generator is required. If the neutron detecting aj^ratus can 
lie taken to a safe electrical distance from the generator, and if the source 
of sufficient intensity, the target nia> be worked at high (negative) 
imtentials On the other hand, if the disintegration products arc to be 
observed close to the target, or if the most intense source is required, it 
may be essential to earth the target. 

In our generatot we have favouied the simpler arrangement of an 
earthed source and high potential target. This has the constructional 
cdvantagcs that the i^»wei supply and liquid cooling for the source do not 
rcfpiiie higli potential insulatum or motor generators operating at high 
|>otcnliaK 1 In'* ai nuigiinoiit aKo has the advantage that the accelerating 
tiilie can Ik* built npwnidi towards the high potential electrode and in our 
generatoi the Uiiget was aiiangcil lo lie al a convenient height for counter 
and cloud chaniber i \]K*riinenls 

'J Ik* tonsiiiulioii ol the at.(.derating tube mav l>c seen from Fig. 1. 
'Ihc outer envelope is foimcd by two glass cylinders which are joined 
together by a steel rniE* K. the joint licing made vacuum tight by Apiezon Q 
sealing cuinpnimd 'Ihe iing K also holds the central electrode system and 
IS coiinecte(i to the 100 K.V terminal of the high potential supply. The 
first gap K is basicall\ a plane electrode system. This form, after extensive 
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teiti, has proved the most satisfactory as far as stability agamst breakdown 
IS concerned It has been found that breakdown is due primarily to electrons 
which are dislodged at the upper electrode by the periphery of the ion beam 
Ihe electrode system shown m l*ig 1 with the slightly curved upper electrode 
has the properly of directing these electrons 1 ack into the region of tht 
canal K ancl thus prevents them pioducmg ionization in the main body ot 
the discharge tube 

It might be imagined that this electron emission could be reduced by 
increasing the aperture of the upper electrode in this gap There is a 
limit however to the size of this aperture since the electrostatic held 
is strongly defocussing for positne ions in this region 

As a result of electrolytic tank expenments we tried cup shaped 
lower electrodes in this gap Although a cup electr )de was designed with 
excellent focussing properties it was inferior to the plane electrode system 
in regard to breakdown Ihe electnc field while satisfactory for focussing 
positive ions allowed electrons from the upper electrode to escape into 
the tube 

A lead shield L about 3 mm thick surrounds the first gip *ind reduces 
to a tolerable dosage the 100 K V X rays produced by electrons emitted 
at the upper electrode This shield also protects the middle glass metal 
joint from direct bombardment by uns scattered from the ion oeam A 
similar shit Id O is provided for the upper glass melil jc int Ihe middle 
shield also effectively limits the range of secondaiy electrons 

In the second acceleiation gap 1 the upper clettrode has an aj^rturc 
of gieatei diameter than the kwet electrode Ihc defocussing cfftcl of 
this system is less seruus than it would be in the first gap since the ions 
aie already moving with a high speed 

The target X co isists of a vtry thin layer of heavy paraftin wax 
melted i n the underside of a ground c ppei plate It is coi led by a 
mixture of dry ice in alcohol placed in a dewai vessel V on the upper 
ide of the copper plate The cooling mixture reels t lx rtnewtd ib ur 
every half hour The whole target assembly is enclosed in a rounded 
metal shieki N 

The height of the target above the floor of the room is approximately 
3 ft 6 in This is a most convenient height for manipulating spetimens 
and counter equipment around the target and is iiarticularly suited to 
expenments with the expansion chamber where neutrons are requiicd 
to travel sc the chamber horizontally 

Hiru PoTENTIAI SUPILY 

rhe rectifying circuit for the ^ K V generator is shown in Fig 2 
Although the circuit is more complicated than is required merely to supply 
a potential of 200 K V it was chosen because it provides a mid point ol 
iwtential The complication arises from the fact that the Unk of the high 
tension transformer Tj must be insulated from earth for 100 KV In 
the case of a two stage accelerating tube such as that described above the 
ion currents in each section are of different orders of magnitude and it 
IS pielcrable to suppl> each section diiectlv from a sepaiatc condenser 
lather than from a potential divider 

Ihc high p(tcntial supply was constructed from in old Greinacher 
_t 100 K V X ray plant In order to provide the transformer Ij with the 
100 K V insulation a second transformer was used to excite it 
Transformer T^ was a discarded high tension transformer which is as rewound 
with a 1/1 secondary winding and the insulation improved to withstand 
10896/45-^ 
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100 K V The H T transformer T, was stood on 100 K V insulators and 
excited the secondary of T, The filament transformer for the rectifier 
Vi was also excited m the same way bv a rebuilt 1/1 transformer insulated 
for 100 KV 



2aOKyCmw3 




A stabilizing water load was placed directly across the output terminals 
of the supply Ihe load was constructed from two coils of 3 mm diameter 
(inner) glass tubing each coil of about 25 feet length and with ordinary 
tap water flowing continuously it had a resistance of about 200 megohm 

The ion currents flowing through the accelerating tube were measured 
by electrostatic voltmeters shunted with high resistances since it was found 
that ordinal y moving coil meters wlfc too liable to damage when a sudden 
breakdown occurrt I in tl c lul c 

All cemponents of the high tension supply as well as the ion source 
supply were contained in i fl or space of abcut 12 feet square and m a 
room 12 feet high The h stance allowed between high voltage components 
and from surrounding objects was approximately li inches per 10 KV 

Ion Sotjrcf 

Two types of ion source have been developed for use with neutron 
generators namely the glow discharge source and the low voltage arc 
source The relative merits of these sources have been discussed b) 
Craggs(2) Although it is likely that the low voltage arc source can provide 
an ion yield which exceeds that obtainable from the glow discharge source 
theie lb bttle doubt that the latter is simpler to operate and maintain than the 
low voltage arc and it was this feature that led us to employ the glow 
discharge source 

The construction of the ion source is sh)wn in the main drawing of 
big 1 It consists of two closed concentnc cylinders A and C the former 
licing maintained at a positive potential between 20 and 35 KV and the 
latter at earth potential The msulation of the anode A is provided by 
the glass cylmder G which was constructed m the following manner Two 
metal to glass seals were cut from a discarded Philips 2(f) K V Metalix 
X ray tube and the glass sections were then joined together in a glass 
lathe The seals have proved to be mechanically robust but must be 
protected from the gas discharge by a copper sleeve at M The device of 
placing the insulation for the anode A witmn the cylinder C has conserved 
a considerable amount of length in the generator Further length has also 
been conserved by providing the lead from terminal T to the anode A with 
oil and solid insulation In this way 35 K V to the anode can be handled 
to within 2 or 3 inches from the base on which the generator is mounted 
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In order that localized discharges will not bviild up between the walls 
of the cylinders A and C it is necessary to maintain the cylinders cgncentnc 
with a separation of about 3 mm The discharge is only strongly maintained 
between the anode block A and the cathode hole K Jhc diaphragm D 
suggested by Craggs has been used as an electrostatic hns to concentrate 
the discharge on the canal K Ihe anode runs hot under the intense 
electron bombardment from the discharge and solder sells are kept cool 
by a constant flow of water W behind the anode block The supply of 
water comes from the mams through a coil of glass tubing to the inlet and 
outlet tubes on the terminal I Ihe water rcsistinie has 'i value of about 
60 megohms The gas for tht discharge is fed in thi ugh tiilic H and flows 
upwards between tlie concentric c>linders Gas pressure in tht discliirge 
IS approximately 0 1 mm Hg 

Pan vKATiox oi Dtur^ku w 

Dcutenum is prepared in the apparatus shown in Fig 3 1 y the electrolysis 
of 99 6% heavy water Hie volumes of the flasks ind tonnccting 
tubes of the appiiatus on the deiitciuim and oxygen side respectively 
are constructed as accurately as possible in the ratio 2 1 The electrolyte 

IS prepared by dissolving 0 8 gm of sodium peroxide in 20 cc of heavy 
water and driving off all the oxygen liberated by gentle licating under 
reduced pressuie After evncuating the apparatus through eitl ci tap A or B 
the electrolyte is» introduced through the side tube C which is then sealed 
In order to prevent excessive Imbbhng it ihc stut wlun the ^is pussure 
IS low the current should be limited to aliout 50 mA At highci pressures 
however higher currents can be employed A current of about 0 5 nmp is 
normally used and the heat which is generated is dissipated in i bath of 
ice water Because of the 2 I ratio mentioned above the pi essure on each 
side builds up at appioximately the same rate and when atmospheric 
pressure is reached the oxygen bubbles off through the nicicui) manometer 
the deuterium being pumped off to the ion source through a needle valve D 
The current can lie adjusted so that foi a parliciilai consumption of 
deuterium the pressure in the generator remains constant If the deuterium 
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is generated tixi quickly the electrolyte is pushed below the level of the 
cadipdc and electrolysis automatically stops. The volume uf the flask and 
connecting tubes on the deuterium side is about 425 cc. and it takes three 
hours to hU this at atmospheric pressure. 


Ion Source Cuaractejustics. 

Some typical cliaracteristics of the ion .source are shown in Table I, 
from which it appears that the ion yiehl increases with increasing potential 
on the discharge and is a maximum for an optimum gas pressure in the 
discharge 
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.Sninc cNploratory work has liecn done on finding the best siie of 
(he canal K. It has l>cen found (hat the ion current issuing from the 
into the accelerating tulje increases with increasing size of hole, 
luir instance, the data of Table I. were obtained with a canal 1 mm. in 
diameter ami 4 nim lung; whereas with a hole 1-5 mni. diameter and 6 mm. 
long the yield at .K) KV and the optimiuii pressure was 2.50 /aA The 
geometrical divergence of the canal is the same in lx)th cases The maximum 
canal diameter is, of course, dclennincd l)y the relationship of the pressures 
in the discharge and accelerating tubes to the speed of the pumping system. 
For example, with a canal 2 mm. wide and 3 mm. long it was very difficult 
to control the discharge pressure at the optimum value, and the pressure in 
the accelerating tulie was also too great to withstand 200 K.V. continuously. 

Up to the present we have had no opportiinily of testing the effect 
of the si/c of the hole in the diaphragm D on the ion yield. The 
measurements above have been obtained with a 13 mm. diameter hole 
spaced 3 to 4 mm. from the cathode, as recommended by Graggs. 

Pumping System. 

As has already been mentioned, the ultimate yield of the generator is 
intimately connected with the size of the canal and therefore with the 
amount of gas which issues from the canal llius the pumping speed 
should be as large as possible. Further, in order that the full potential can 
lie applied to the accelerating tube the mean free paths of ions and electrons 
in the gas of the tube must lie long compared with the dimensions of 
the tube. 

For a canal of 1mm. diameter and 4 inm. length the flow of hydrogen 
at a pressure of 10"' mm. Hg. is approximately 90 litres per sec. The speed 
of pumping required at the first acceleration gap must therefore lie of the 
order 100 litres per sec. at a pressure of from 10^ to 10^ mm. Hg. 
At these pressures the mean free path nf a hydrogen molecule is from 
1-3 to 13 metres. 
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We have used an oil diffusion pump having a speed of 300 to 500 
Ltres per sec at the pressures 10 * to 10 ^ mm Hg to exhaust the 
accelerating tube Some trouble ^as experienced initully by having the 
pump too close to the accelerating tulje as oil vapour enteie<l the tube and 
the ionized products of the oil ltd U gaseous I reiKdown A length of 
water cooled wide diameter pipe with three right ingle bends wis then 
added to condense the oil before it entered the chamber Wuh this 
connection the pumping speed was somewhat reduced but it remained in 
excess of 100 litres per sec 

The oil diffusion pump w ih backed by a booster which could i perate 
at a pressure of as high as 10 ^ mm llg and this m turn by a Megavac 

Neutron Yiei d 

Typiial nieasurcnicnts of the generator characteristics are shown in 
lable 11 
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It will Ll noticed thit the ntio of the target current to the current in 
the first gip increases with potcntiil due no doubt to improved focussmg 
as the speed ( f ll c piitidts iiicrcists I he tuiunt to the tiigtt is seventy 
per cent of the ion current in tlie first gap indiciting that thi focussing 
of the ion beam is very satisfactory 

The intensity ippears be comp mile with thit obtained by other 
workers At 200 KV the yield per 100 micro amps is approximately 
600 millKiiiies 

Undci best working conditu ns our neutron generatoi is equivalent 
to 3 cunts of Uii Be 
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XII.— The Thermal Conductk'ity of Carbon Dioxide between 78-50®C. 
and 100“C. 

By W. G. KANNULUIK, D Sc , F.Inst P.. and P. G. LAW, M.Sc., A.Inst.P. 

' (Physics Department, University of Melbourne.) 

' [Read 13th December, 1945.1 

According to the kinetic theory, the thermal conductivity of a gas should 
increase with the temperature. Although this prediction ib generally con- 
hrnied hy experiment, it is imixjssible to deduce from the existing experi¬ 
mental data any more specific conclusions. According to Locb (Kinetic 
'Iheory of Gases, p. 251) '*the results of the many experiments are none 
the less quite discordant and little can be deduced from them.” On the 
other hand, the absolute values at of the conductivities of some of the 
commoner gases are known with reasonable accuracy, and so it can be 
concluded that experimental procedures which lead to tolerably accurate 
values of the conductivity at 0°C aie either inapplicable or unsuited to 
investigations earned out at tithcr temperatures In the present paper an 
account will he given of bomc ]>rclimiiiaiy c\i>crinients undertaken to 
investigate the temperature variation of the rondiutivity of carbon dioxide 
gas. The method used is <»ne that was dcvcloix*d twelve yeais ago, and was 
applied successfully to determine* the conductivity of a niiinliCr of gases at 
Tn those evperiment'j a hot wire method was use<l in which the 
wire was relatively shent and thick, instejid long and line as in the older 
li:aditional forms of the hot wire method It would seem that the short 
thick wire offers gi eater jirospccts of success in a rather dilhcult held of 
investigation. 

A short account of the two tyi>es of hot wire experiment will first be 
given. In all hot wire experiments a metal wire, which is heated hy {massing 
an electric current through it, is mounted axially in a glass or metal tube 
which contains the gas under investigation and which is immersed in a 
constant tciiipe rat lire bath The woe serves both as a resistance thci moraeter 
and as a heater of the gas in the tube, 'rhe average rise in teinixirature of 
ihc wire on passing a given an rent through it will dc])cnd on the con¬ 
ductivity of the gas surrounding the wire. The hot wire method deyTcnds on 
this fact, hut carries with it the obligation of completely eliminating convec¬ 
tion currents in the gas This problem was studied experimentally by 
Sophus Weber^*^ and it is now possible to design and set up an api>aratus 
in such a way that roiivcclion cm rents are completely absent, Three condi¬ 
tions which must he satisfied are (1) that the tube l)e mounted vertically, 
(2) that it is not too w'ide, and (3) that the temijeratuie difference Ijctwecn 
the wire and the lube lie kept btnall. 

A difliculty which is met with to a greater or less extent m all hot wire 
experiments has its origin in the existence of a discontinuity of temperature 
at any solid-gas interface. The steeper the temperature gradient near the 
surface, the greater the temperature discontinuity or drop. ^Ihe prevalent 
use of fine wires greatly aggravates the difficulty, the temperature gradient 
at the surface being much steeper for thin than for thick wires. The 
magnitude of the temperature drop increases with the mean free path of the 
molecules, i.e., with decreasing pressure of the gas. By making use of this 
fact it is possible to correct a set of values of the conductivity obtained at 
different pressures for the effect of the temperature drop. 
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The different kinds of hot wire apparatus being always synunetncally 
conatructed» the distribution of the temperature along ^ wire is ali>o 
symmetrical with respect to the two ends of the wire When the wire is 
sufficiently long and fine the graph of the temperature along the wire is 
shaped very like a top hat i e, there is a central portion of the wire along 
vmch the temperature is constant The length of this portion is relatively 
greater the longer the wire is and the smaller its diameter As there is no 
temperature gradient anywhere in this part oi the wire all the Joule heat 
developed in it by the eleclnc current must be earned away laterally from 
the surface of the wire by conduction through the gas and by radiation 
(assuming of course convection is absent) If the wire is uniform and 
has a truly circular cross section and if it be mounted dong the axis of a 
truly cylindncal tube the flow of heat by conduclmn through the gas from 
the portion of wire at constant temperatuie is radnl and takes place between 
concentric cylindrical surfaces dchned by the wire surf ice 'lud the inner 
surface of the tube If this particular portion c f the wire can be isolated 
sb that the measurements are made with respect to it and not the whole 
wire the theory of the experiment takes on a veiy simple character 

Ihe isolation can be effected m either of two ways In one of these 
due to Schleiermadier (1888)^*^ the central ptrtion is tipped by intro¬ 
ducing two potential leads of very fine wire through the wall of the lube 
and attaching them to the wire at appropriate points In the other devised 
bj Goldschmidt (1911)^*^ two tubes arc employed which ire identical m 
c il respects except that one is short and the other long 1 he wire in the 
shorter tube plays a similar role to that of the compensating leids of the 
platinum thermometer The diffcietice m the electrical resistmcc of the 
long and short tube will give the resistance cf the central portion of the 
wire from which the flow of heat is ndial 

Let h be called the cvtcrnal conductivity defined as the loss of heat 
per second from unit area of the wire surf ice per degree difference of 
temperitiiri between the wire ind the tulie Ihen if 1 be the length of 
the ccntml prrtion ind b the radius of the wire the rate at which heal is 
1 )st from the surface is 

2,blh (t^ — U) 

where t IS the tcmi)eritutc of the wire obtaircd indirectly from resistance 
ineasuicments and U ib that of tlic tube The rite at which Joule heat is 
developed m the part of the wire under consideration is RI*/J where R ohm 
is Its resistante when the current is I ampere Since no heat is conducted 
along the wire it follows that 

2Tblh (t,-t,) -^RiVJ (1) 

where J «- 4 18 joule/cal 

All the quantities in this equation ire either known or tan be measured 
except h which can therefore be determined If the loss of heat from the 
wire by radiation is inippreciable comiiared with the loss by conduction the 
tlicrmal conductivity k of the gas can be obtained by multiplying h by a 
certain form factor the value of which is determined by the fact that 
Ihc flow of heat is radial and takes place between concentric cylindrical 
surfaces The appropnate form factor can be shown to be b log, a/b, a 
being the inner radius of the tube and b the radius of the wire Accordingly 
we wntc k — h b log, a/b (2) 
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The type of hot wire expenment jtut descnbed has a number of 
unfavourable featureb Whichever of the two methodi is used for isolating 
the constant temperature part of the wire^ an mconvenicntly long apparatus 
results For this reason such an aiiparatus is unsuitable when measurements 
of the conductivity over a range of temperature arc required The diameters 
of the hot wires used are quite small (usually a few thousandths of an inch 
only) and cannot 1>e determined as accurately as those of thick wires In 
some inv<*stigations merely an average diameter of the wire is obtained by 
weighing in air and in water a known long length of the wire used As the 
temperature gradient at the surface of such fine wires is very the 

wire should be uniform and accurately circular m section These are 
lequirements whuh can be verified only by contact measurementb 

The above type of hot wire experiment was devised before modem high 
vacuum technique was developed Ihe use of the short thick hot wire ib 
made to depend upon the fact that, when a sufRciently high vacuum is 
produced in the tube all the Joule heat generated by the electric current is 
conducled t ut ( f the ends of the wire and none is lost laUrally except a 
very small amount by radiation which can be allowed for by calculation 
Thus an experiment performed when the tube is highly evacu-ited leads to 
a drtcrnimation f the thermal conductivity of the wire itself It is clear 
that in thi«i kind of hot wire experiment when the tuln. contains a gas some 
heat is conducted along the wne and some is also lost laterally Ihe theory 
IS necessarily less simple but the g iins on the experimental side are so great 
as to more than compensate for its use 

The following simplified account of the tl cory is sufficient to illustrate 
the principles of th( method I oi calculating the londiictivity it is however 
necessary to use the more accurate theory guen in the Appendix to this 
paper 

1 or a short thick wire of radius b mounted axially m a tube maintained 
(say) at 0®C the distnbution of temperature along the wire can he shown 
to be very nearly inrahohc Acc< rdmgly if the centre of the wire (length 
21) be taken ts origin the temper iture at any point on t distant x from 
the centre will bt guen by t ^ (1* x*) (3) 

c being a constant (see fig 1) 



Fig 1 
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Clearly the temperature has a maximum value of cl* at the middle and 
it is zero at both endt*. 

The mean temperature of the wire can easily be shown to l>e. t — 2cIV3* 


1} 


0(1* -* X*) dx = 2rl*/3 


llie temperature gradient at any point in the wire is, by (3); 

j- = —2o* 

dz 


At cither end the gradient is therefore: 




aci ^ - y* 


The rate at which heal is conducted out of the wire at the two ends is- 




GAttI)* t 


X being the thermal conductivity of the wire, and A -» »1)® its cross-section 

The rate at which heat is lost from the surface of the witc is- 
2 7rh . 21 . t . h -- 4 Trh 1 li t 
where h is the external conductivity. 

The rate at which heat is generated in the wire by the electnt current 
is ElVJ where R is the resistance of the wire when the current is I ampere 
The sum of the heat lost per second by internal conduction and by external 
conduction must equal the joule heat produced per second by the current. 
Accordingly we have • 


6Affb» 


Kl* 

t~|-4irlhlit = 


(4) 


If a be the temperature coefficient of the resistance, then for a small rise 
of temperature: 

s:-R,(i+«t) 

where R, is ihe resistance of the wire at 0®C Solving foi t wc obtain: 

t- B-B. 

B^a 

and .substitution of this value of T in (4) gives: 

6Awb* (B-R,) 4irbhl (R-R,) _ BP 
R,al B*« J 

i, ^ RfSPa _3A 

t ” *(i-R,)wb» J1 ^ 


or 


( 5 ) 
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For the special case in which there ia a high vacuum in the tube we may 
put h « 0 in (5) and so obtain Knudsen’s formula: 


1 R Ra P g 1 

ti j7rb*{R-Ra) 


(fi) 


Knudsen proved that it was possible to measure the thermal conductivity 
of a metal acciiiately by means of (6), using a platinum wire a couple of 
centimetres in length and a few tenths of a millimetre in diameter. The 
conductivity of the wire having tiecn determined by (6), the value of A is 
next introduced into (5), which equation may then be solved for h and 
the conductivity of the gas obtained, as in the other method, through (2). 
The form factor b log, a/b is an approximation as the flow of heat by 
conduction through the gas is not strictly radial. The error introduced into 
k by its use can be proved to lie less than 1 per cent. It follows that the 
accuracy with which the conductivity of a gas can be obtained by this method 
depends upon the accuracy with which the conductivity of the wire is 

obtained. It wdl be noticed that if the current is kept constant the only 

quantity winch has different values in (5) and (fi) is (R-R^), and that 

for a given cunent (R-Kq) necessarily has its maximum value in (6), 

1 e, under high vacuum conditions, and here optimum accuracy in its 
measurement is most desirable. 


The method described has, in the earlier work^^\ been submitted 
to searching tests, by varying ill the factors uixin which the conductivity 
of a gas depends. Wires and tubes of different materials and dimensions 
have lieen tried. Both platinum and copper wires were employed, and 
although the thermal conductivity of copper is six times that of platinum, 
practically identical values of the conductivity of air, as also of hydrogen 
gas, were obtained. 


Deaorit)tion of the Apparatus 

In order to investigate the conductivity at fixed temperatures other than 
tiic ice point, a small and compact conductivity api>aratus is essential if 
accurate temperature control is to be achieved One form of the apparatus 
used in the earlier work at the ice point was judged suitable for measurements 
<*f the conductivity at the steam point (lbO°C.), the ice point (0®C.), the 
carbon-dioxide point (—78*50°C.), and the oxygen point (—183®C). 
1'his apparatus consisted a platintim w'irc 1*5 mm. in diameter iiiount^ 
in a stainless steel Xuht 10 cm. long, and having an internal diameter of 
12 mm Some preliminary tests made with this apparatus (which had been 
out of use for twelve years) indicated that some deterioration in the soft 
solder used in fixing the wire in the tube had occurred. It was therefore 
decided to dismantle the apparatus and rc-assenible it using silver solder 
wherever soldering was necessary. The inntr surface of the tube was 
re-lapped and a* new copper-glass seal was made. The platinum wire was 
le-drawn u.sing diamond dies and then carefully annexed at 950° in a 
muffle furnace. A rcccntly-calibratcd set of slip gauges was used in con¬ 
junction with micrometer screw gauges and a pair of internal jaws to 
determine the dimensions of the tube and wire, and the tube was then re¬ 
assembled. Fig 2 is a sketch of the completed apparatus. The wire is 
insulated electrically from the steel tube by means of a double glass copper 
join G in the lower copper end-cap C. The tube is closed at either end by 
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ft thin copper end-cap, about 1 mtn. thick, through the centre of which the 
wire is soldered. The side tube T is sealed to a" wider glass tube leading 
oflF to a vacuum pump, a simple U-tube mercury manometer, a discharge 
tube, and a tap through which gas may be introduced. The current and 
potential leads immediately above the tube were wrapped in cotton wool to 
protect them from draughts, which, particularly in steam point detennina- 
tions, had produced fluctuations in current and poten¬ 
tial readings. 

In order to measure the thermal conductivity of a 
gas, the apparatus is pumped out through one tap and 
the pure gas is then introduced through another until 
its pressure in the apparatuus is approximately atmos¬ 
pheric pressure. The gas is later pumped off a little 
at a time in order to enable readings at various pres¬ 
sures to be taken. 

When a determination of the thermal conductivity 
X of the wire is to he made, the mercury manometer 
is removed and a tul»e containing activated charcoal 
is fluhstiluted for it. The high vacuum required is 
obtained in the usual way hv immersing the charcoal 
tul)c in liquid air after degassing the charcoal 

Dimensions oj Tube and Wire at 0°C 

Mean distance l)clwccn the internal faces of tlie 
copper end-caps (ic, effective length of the platinum 
wire) =-* 103-87 mni. dt *05 mm. 

Mean internal diameter of steel tulie 
=« 12-814 mni ± -005 mm. 

Mean diameter of platiinini wire 
--- 1-438 inm =♦= -003 mm. 

Mn.\suREMENT oi Klfxtrical Quantities. 

Aiiart from the dinicnsicms of the wire and the tulie, 
the other quantities icquircd arc electrical ones, viz.: 

the resistance of the wire at the temperatures of 
the constant temiwrature hath in which the apparatus 
is immersed; a, the tcmpcraUire coefRcient of the 
resistance at that temperature; K, the measured resis¬ 
tance of the wire when it carrtes a steady current of 
I amperes. 

Fir.. 2. Of these, Rp and a are electrical constants which 

are both obtained indirectly from measurements of R. 

The quantities R and I are obtained directly by comparing the drop 
of potential across the wire with the drop across a standard -01 ohm 
resistance by Tinsley. A five-dial Diesselhorst low-resistance potentiometer 
made by Wolff, is used to measure the potential drops. Although the 
circuit used is a very simple one, great care must be taken in setting it up 
in order to obtain electrical stability. The work is carried out in a room 
in which the temperature remains approximately constant near 20°C., the 
resistances of the coils of the potentiometer being correct at this temperature 
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It is not convenient to measure Ro directly. Instead, a series ol vahies 
of IS for different values of I is obtained (whether the tube be evacuated 
or left filled with a gas is immaterial so long as the conditions ijiside the 
tube remain the same during these readings). Corresponding values of 
l/E and I* are then plotted upon a large sheet of graph paper. The points 
so obtained lie very accuraftely upon a straight line and the line is extra¬ 
polated to give 1/Ro corresponding to I « 0. The value of Ro actually 
adopted is ol^tained l)y calculation, rather than from the drawn graph, using 
Cauchy’s method (for which see Champion and Davy, Properties of Matter, 
p. 267). 


To obtain a, the variation of the resistance of the platinum wire with 
the temperattirc is determined. For platinum it is sufficient to use the two- 


constant formula: 


r- (1 + at + bt*) 


between — 78’50®C. and lOO^C., where r =- R|/K^,0"C or the ratio of the 
resistance at t“C. to the resistance at the icc-point, and a and b are numerical 
constants. Measurements of the lesislanee weie made at the ice-point, tlie 
steam point, and the carbon dioxide point (—78'50®C). 


The temperature coefficient a at any required temperature t is then 
given by: = (a f 2bt) : Rt/VC 


The following figures were obtained’ 


— 

-7B'60“C 

1 

U ( 

lOCVT* 

Rfilliitancf (R.) 

•n(>4l7U7H 

(n,o*t) ■0(iflsp50i 

•OUHSQMZ 

a 

•OOAWiTO 

•wtiorn'i 

•wrirm 

« - -OOSOTOb 

b - -‘OonoiiofiTft 


The Binve of * mod 6 leul t(» the InllowliiK vfiliir «>t the 8 r<M*tnrlent umvI m platinum tlKilDOlMtiy 

a “ -W* b/{a ^ Kinfr) - IM'I 


Note on the Attainment or hie LO, Point. 

In order to make'measurements at the CC)^ iioint (—78'50“C.) it was 
required that the tube lie kept at this constant temperature for at least two 
hours. The tube is nearly 4^ inches long, and is connected by current and 
potential leads to the rest of the apparatus. When the tube is placed in the 
COj bath, heat tends to be conducted to the tube from outside along these 
Leads. Moreover, beat is generated in the wire in the tube at the rate of 
approximately -07 watt, and this must be diosipated by the bath. The 
conditions are thus more exacting than is generally the case for ordinary 
thermometric work. 

A separate investigation was required to determine how a dry-ice bath 
might lie used to give satisfactory results. An examination of the literature 
showed that other workers who had attempted to use this fixed point for 



Thermal Conducttvity of Carbon Dtoxtde 


149 


thermometnc work had experienced difficulty and apart from a paper by 
Zeleny and Zelcny^“\ little information of any assistance to us was discovered 

The conduction of heat to the tube along the leads was overcome by 
replacmg the lead wires in the vicinity of the tube by thin wide strips of 
co^r which ran parallel with the tube and traversed 5i inthes of the liath 
before being soldered to the tulie (kxkI thtrnal contact between tht strips 
or tube and the bath was obtained by using a wet slush of dry ice chips and 
ethyl akohol 

The use of a Dcuar flask as a re^eptiLle for the dry kl mixture is 
not recommended It was not until its use w'ls alund incd that success 
m the handling of the hath was obtained 

Ihc tube was placed cciitially 111 a glas-» gas i>lindcr 12 inthes tall 
and 2J inches in diameter which stood on i inch of felt on a wooden 
stand The sides of the c>lnuler were lagged with iw j la>crs (about 
1J inches uncompiessed) < t c( ttem \\t ol which als > extended alxut 2 inches 
above the top of the j ir \ single layei of jia^icr was then tied around 
the lagging Ihc dr> icc w 1 educed t) hn eliips 1)> means of an ice 
grinder and these chips were mixed with ethyl alcohol in an aluniiniiim 
saucepan until a wet Imt not slopp> nnxtuu wis obtained Ihis was 
fed by spoon into the jar surioiinding the tiilie Ihe mixture in the jar 
was then prodded with a long thin metal rod to ensuic that it was well 
packed down and the jar was * lopped up with more wet itc Finally 
some alcohol was cooled witli dry ict and ulded to the jar until 'iboiit i inch 
of free alcohol remained above the surface of the dry ice chips 

The tube was left for at least hvi minutes at the end of which time a 
gentle bubbling of gas through the surface ilcohol could lie observed 
! hereafter no stirring or plodding wis permitted although the origin il 
level and the i inch depth of free akcliol were mamtdincd by adding chilled 
alcohol or wet dry ict as requiied 

It was found that such a mixture of dry icc and alcohci with free 
alcohol on top when lagged with sufiicicnt cotton wim 1 to reduce the 
evolution of gaseous eail>on dioxide to a gentle steady 1 ite would maintain 
the tube at the CO^ point tor a period of sevcnl hours and m general 
would behave as satisfactorily as m ict water bath foi the 0“C point 

It was necessary to apply a collection li allow for the hydrostatic 
piessure of the alcohol at the pniit in the I ith where the temperature was 
being measured In this exiKnment the hydrostatic prcssuic at the centre 
of the tube was calculated and the Umiicra^uic of the bath at this depth 
was taken as the mean tcuiperalurc of the tube 

Dm RMiNATioN or k 

To determine A the ipparatns is eva uated and a high vacuum 
(<10^ mm of mercury) is produced by means of charcoal and liquid 
air The values of R corresponding to a series of different values of the 
current I are obtained and the conductivity A* is calculated using formula 
(6) in the Appendix (The platinum wire is not sufficiently shoit to use 
Knudsen's simirfer foimula (6) given in the elementary theory) 
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Results. 


Tempenton 

-78*50^ 

o*c. 

i|n*c. 

A cal. rm -* car -> ilcf.-' .. | 

-1003 ± -Ofxrj 

*1076 ± *0002 

*1000 ± -OQOIS 


TtM value ol A at —78*30^ waa oonArmed by MVaral liMlFpeudent detarmlnatioiia. 


Determination of k. 

The conductivity A of the wire being known, the apparatus may then 
be immersed in a constant temperature bath and filled with the gas to be 
investigated. The current 1 is set to give a mean rise of temperature of 
the wire of 3-5 degrees. Corresponding values of R and I are then obtained 
at a series of difiPerent pressures of the gas. 

The approximate conductivity k' of the gas is found at each pressure 
of the gas by solving the equation (4) (or (5)) in the Appendix for h 
and then k' is deduct by multiplying h by the form factor b log, a/b. 

As the flow of heat is not exactly radial (4) or (5) leads to approximate 
values k' of the conductivity, but by making use of relations (9) and (8) 
of the exact theory the amount of the correction to k' can be worked out. 
This proves to be quite small, being just under 1 % over a wide range of 
conductivities. It is sufficient to reduce the conductivity k' as calculated 
from (4) for (5)) by 1% to obtain the value k corrected for the departure 
from radial flow. 


ErrECT OF Temperature Disconiinuitv. 

On account of the temperature discontinuity at the surface of the wire 
and at the inner surface of the tube, the space factor for radial flow should 
be replaced by: 

b [ log, a/b + y (1/a I- 1/b) ] (6) 


where y is related to the temperature discontinuity A T by the equation of 
Poisson: 




Here dT/dn is the temperature gradient along the outward drawn normal 
and y is a length quantity which varies inversely with the pressure. 

It has been found that k at O^C is, in general, constant over a wide 
range of pressures (60-10 cm. of mercuiy) for the monatomic and diatomic 
gases investigated by the apparatus containing the thick platinum wirc^^l. 
Prom these results it is inferred that the effects of convection and of the 
temperature discontinuity are negligibly small for the range of pressures 
quoted. 

(It should be noted that the effect of redueng the pressure of the gas 
on its apparent conductivity is to decrease this if convection is present, 
and also to decrease it op account of the temperature dscontinuity. 
Consequently, if it is found that k is strictly constant over a range of 
pressures there can be no convection present and the effect of the temperature 
discontinuity is likewise negligible.) 
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Thk Thbkual Conductivity of Carbon Dioxide 

The gas was prepared by heating pure sodium bicarbonate and dncd 
b> passiA^ through calcium chloride and phosphorus pentoxide 

The {oUowmg results were obtauied — 


(•) At rO| Polst Heu TflmpeTmtare of Gu —76 4*C 


Premra 

Oarrtnt 

If B, 

k X lU* ( 7 4 ( 

k X 10* ( 78 50*t) 

(Om of Hg) 

<1 amp) 

(Ohm) 

( al cm M lag 

(pal om H lew*) 

77 tl 

3 691''7 

0U010Q37 

2 2 6 

17 

66 01 

3 60070 

lUO* 2 

22 

^ IHl 

66 66 

3 60026 

10006 

2 1 5 

1(2 

4S SI 

6 68086 

10116 

2 132 

OHO 

tS «6 

3 68063 1 

10124 

2 1 2 

0 

SS N 

S 68008 

10187 

2 104 

M OoJ 

14 10 

8 68664 ! 

10160 

2 079 

0918 

8 14 

3 68827 

10176 

9 060 

2 010 

S 16 

8 68810 

10207 

2 033 

1 083 

1 42 1 

8 68766 1 

102^ 

2 018 

1 000 

0 IS 

B 68726 

10227 

1 UIM 

1 047 


lb tbe Uat eolumn the redlftl flotr oomoUon hu been e] 1 1 ed en I the ooa 1 1 tivlty reda ;ed to 76 mlng 
h teoapeimtare ooellldeni of 007 


(6) At Ipe Folnt Ifean TempeMtnxe of Ou Sit 


Frenare 
(Cm fHg> 

Cdirent 
(1 »m|) 

ilU 

k X 1(F (2 l*C ) 

(Cal rm 

k X l(F (OH ) 
om ^ wr * doff*') 

67 04 

341 i.0 

000103M 

3 644 

a 6 » 

20 02 

3408.7 

1030 

3 (16 

3 544 

0 68 

840726 

i04or 

3 

2 626 

. 86 

340506 

10417 

3 673 

3 601 

1 122 

810409 

10410 

3 67 

2 494 

H64 

340387 

10412 

3 BB6 

2 4UJ 

661 

340316 

10410 

3 664 

3 491 

804 

24088S 

10431 

i 642 

3 469 

171 

340160 

10161 

3 304 

2 42 


In the teat oolmnn the redial flow onrrectloa hu been ai i lied end the cn 1u reduced to 0*1 neli r e 
tempentwe roelBoleot of 005 


(«) At Bteem FoJnt Mean Tempnratuie of Qw 102 0 < 


Prainn 
(Cm of Hg) 

Oumnt 

(lamp) 

E - B, 
(Ohm) 

k X 10* (102*0 ) 

(Cal cm ‘ imo-* dBjr*) 

k X 10* (100 C ) 

(Cal cm * nee-* log- ) 

73 41 

2 DS103 

00000051 

6 706 

6 MU 

30 18 

2 08068 

0160 

5 68H 

>' 489 

31 60 

2 0800Q 

91 0 

6 &» 

6 467 

12 81 

2 9HH0 

0179 

j46 

6 448 

4 23 

2 07884 

9108 

6 jtl 

414 

1 61 

2 07820 

9 43 

6 43j 

1 22U 


lb the iMt eolumn the ndUl flow avreoUon Iim been applied an 1 tbe con 1 icUvItp redu o 1 to 100*0 using 
a tenpentare Loaffldent of 004 


Diacussion of Besults 

These conductivity data for all three temperatures (on account of their 
gradual decrease with the pressure) are evidently affected by the existence 
of the temperature discontinuity effect To allow for this effect the usual 
procedure is followed of plotting the reciprocal of k against the rcaprocal 
of the pressure p The plot of points so obtained is straight over a range 
of pressure in whidi convection is absent To obtain the value of k 
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unaffected by the temperature discontinuity the straight portion of the 
graph is extrapolated to give the value of 1/k corresponding to l/p«*0. 
In this way the following values of the thennal conductivity of carbon 
dioxide are obtained:— 


Ifmivtintiire *( 


OV 

1«W. 

k X 111* 

J*1I7 

J-M) 

5*4« 

(al mi ' HK ' ilex ' 





There is also a second ^wssibility that the observed variation of k with 
the pressure p is only in part the result of the temperature discontinuity. 
Ubbelohde^^J has suggested that as the pressure of the gas is reduc^ 
the particiimtion of the vibrational energy of the carl»on dioxule molecules 
111 the transport of heat hcconies less and less complete This also would 
result in a deuea^e in k with the pressure 

Some rcLcnt ineasiircmeiits by us on nuniatomic argon gas show much 
less variation of k with p It seems not unlikely that part of the decrease 
of k with p is concenietl with the «lecrease in the transpoit of heat by the 
vibrational cneig> of the cari>oii dioxide molecules 


Appendix 

Tii^^ry of the MkIHOI) 

'1 he following dppioMinate theory in which the flow of heat from the 
wire through the anihient gas is assuiiicd to be strictly radial leads to values 
of the thermal condiKlvil) k' which are in error by a little less than 1 %. 
This can he shown to lie the case b) comparing the values of k as obtained 
from the appioximate thcorv and friini the exact theory which follows 
liiter Accoidingl), it is suft’icient to use the approximate theory to work 
out the results and then to apply the small correction which allows for the 
departure from radial flow- 


Ain»KO\lMAlL Thuiky. 

Let a wire of length 21 and thermal conductivity A be iiumntecl axially 
III a tube which is maintained at sonic constant temperature whch may be 
taken as an arbitrary zero Let the annular space between the wire and 
the tube be filled with a gas of conductivity k. 


If the flow of heat from the wire is strictly radial then wc have:— 


TT h* A 


d*t 


2 7r b b t + 


l‘Ro(Hat) 

2U 


0 ( 1 ) 


where R© (1 + a t) is the resistance of the wire at 1°, R,, is the resistance 
at the temperature of the bath in which the apparatus is immersed, and 
b is the radius of the wire. The first two terms of (1) multiplied by dz 
represent the net rale ^'f inflow of heat into an element dz along the wire 
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and over its surface, while the last term multiplied by dz is the rate at 
which heat is produced electrically in the clement of length dz. If the 
following substitutions be made;— 

- 2h I*R- • m 

= bX* “ STOA’ - ma and V ^ t - ^ 

d*v ^ 

(]) reduces to “ p*v = 0 

For > O the solution of this equation is * — 

t — ™ = A tonb j9z + B cosh j8z 

where A and H are arl)itrary constants. Jf the origin of z !>c placed at 
the middle of the wire the Ixiuiulary conditions arc t O at z = ± 1 whence, 
after evaluating A and 11. w'c obtain ■— 

giving the distribution of temperature along the wire 

For a sufficiently short anti thick wire the distribution <»f temperature 
is very nearly parabolic, as can be seen by substituting the first two terms 
of the expansions for cosh /3z and cosh )3l. The paral>olic distribution 
was assumed in the elementary theory previously given 


The mean tcmi»eiature l along the wire is given by:— 


t 



eoflh j9z 
ooah 



or 



tanh jSl \ 

} 


(3) 


If R is the ol)serve<f resistance of the wire at the mean temperature t 
then R — R. (1 + a T), giving 


t 


K-R, 

Ro a 


(In actual experiments f is 3 nr 4 degrees only.) Accordingly, f.n 
substituting for t, (3') becnnics: 



tflnh j51 ^ _ 2^b»AJ(fi-K^) 
"jsi ; ” 


K) 


(4) may be written in the fonu: 


S-Ro 


/J1 - tanh 


where 


0 


R^*I*al 

= ITPSa 


I0»6/4S.—10 
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Expanding tanh as a power series we obtain * 


“ j81 - ()31 - + 2/16 /m* - 17/316 pv + ...) 

= 3 J (1 + 2/6 (oMrly) 


For values of j31 not greater than unity, the error introduced in the right- 
hand side of the last equation by neglecting the term fi*l*/525 is small, 
e.g. for it is 1 in 300. If this term be neglected, we obtain, after 

simplification: 


2h R.I«a r 5R« . 1 1 6A 

hX “ 277l)*Jl [ 6(R-B^) ^ ' J 21« 


( 6 ) 


If A is known, (5) can be solved at once for h, and the conductivity k' 
of the gas obtained by multiplying h by the ' form factor * for mdial flow 
fietween concentric cylinders, i.e.:— 

k' — h ■ b loge */b. 

where a is the inner radius of the tulie 


The wires used in our experiments are not sufficiently short and thick 
for (5) to l>e applicable to Ihc high conductivity gases, hydrogen, deuterium 
and helium It is therefore necessary to solve the more general equation 
(4) for h This is most conveniently done by tabulating the function -- 

^ ~ l/sU v ^r~) 

for different values of )31 


When the tube contains a high vacuum (pressure not greater than* 
10^ mm. Hg ) the only lateral loss of heat from the wire is a very small 
one due to radiation, as the loss due to molecular conduction in the residual 
gas as shown 1 elow is negligible If ha be wiitten for h in (5) this 
equation enables us to obtain tlie iheimal conductivity A of the wire since 
ha may he obtained by calculation from radiation data Tt is, however, 
more convenient for pnrjio^es of calculation to transform (5) into the 
equivalent form-— 


BR, i«^ L n 4- I \ 

7rb»J(R-R,) r ^ 30 JA A 5 TT J 


This relation replaces the simpler relation (6) of Kniidsen, given m the 
elementary theory 'I'he quantiles in the last two brackets on the light 
hand side of (6) represent small correttions only. It is therefore sufficient 
U use the approximate value of A given by Knudsen’s simple formula in 
evaluating them The quantity b* can lie readily obtained The radiation 
[ler cm ■* iht second from a metal surface is:— 

S = eaT* 


where a is Stefan's constant. T the absolute temperature, and 
emissive |>ower of the metal surface. It follows that;— 




hft = ieaT* 


€ 


the 
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Ihc value of c for a given metal can be obtainerl from experimental curves 
r^resenting c as a function of the wavelength. (The curves given in 
Gcigcr-Schcel. Handbuch der Physik, Vol. 21, p 190, may be used.) ITw 
wavelen^ Xma correspontling to a given Ictnperatiirc T can be obtained 
trom Wien's Displacement Law:— 

X ntt T — *288 cm deg 

The validity of (6) depends also on the heat transfer by molecular 
conduction in the high vacuum bemg negligible. Ii can be readily shown 
from a relation obtained by Knudsen (for which sec LorenU “Lectures 
on Theoretical Physics," vol. 1, p. 144) that the loss of heal per cm* per 
sec. from a wire at t^C to a coaxial surrounding cylinder at the temperature 
of 0®C w'hich contains air at a pressure of p tlync cm “■'is - - 

W<3xl0-*p-t 

This gives to the jiait he of h due to molccnlai conduction a value- 
ho < 4 X 10“^ cal cni“^ scc.“^ deg"^ 

when the pressure is 10“* mm of mcrcurN Even at this pressure the 
effect of ignoring molecular conduction in (b) results in an error in A 
of less than 1 part in 1000 


Exaci' Ttteorv 

In the exact theory, for which wc arc indebted lo Profcssoi 1' tlierr}. 
the differential equation (1) must he repla<c<l b) the f<i]lov\Miig differential 
equation holding at the ^mfacc <»f the wiic - 

A 77 1.' + 2 I. k I- (1 + tt t) - 0 (7) 

ai* j 

where is the icsistaiice of the wiic per nnii length As lie fore, the Jirst 
two terms multiplied by dz represent the net rate of inflow of heat into 
the element dz along the wire and oact it-, surface, while the last term 
multiplied by dz is the rate of geneiation o{ heat in dz by the electric 
t urrent. 


The soluiion of (7) is — 

t = ^ c,. (tisr) / I, (nsn) — K. (iiir) / K,(niia)J co» iw* 
21, (ii being odd) 



where 8 

1 ^ 
ud 

it 

=£ cn ns 

1 r— b 


=. Z Cn ns ] 

, 'oH 

r=b 


^ - Z c„ (l 

and tr~b = 

=-2^Cn Xon COS 


— ra (nB)* J^Io (n8)>) / I, (iiau) K, (neli) , K, (nw)J co* nij 
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Also, for -1 < z < -f- I 

*== [^Ppo/Jirj ^coa M — I coH 3«r + 1/6 cob 5sx . J 

ileiicc, nil hti1>stituting in (7) and cfjiinting a efficients of cos ns? get: 

0, - ± [2I*B>J»rl] - [Airb* (ns)« N„. - 2irhk (ns) N„ - l*RgaN^Jl] 

( 8 ) 

the sign being for n « 1, 5, . aiul — foi n 7, 11 

The resistaiue of ilu* whole wiie fioiii / -1 to / — -]-l 

® “X-i ^ ^ ® ~ +1^6^05- . . .] 

or, since R« » 2 ^ 

ir(R — Ko) / 2Ro a i, \ui — \ c, X„, 4 Noi .... (0) 

where N„o“--Io (nsb) ' lo (nsa; - Ko (nsb) / K., (nsa) 

The equations (8) and (Q) together replace (4) of the approximate theory. 
[i will l>e noticed that the thermal conductivity k o{ the gas occurs only in 
the co-efficients c# defined l>y (8). The series on the right hand side of 
(9) converges very rapidly and the calculation of the first three terms 
allows k to be obtained by successive approximations The expansions of 
the Bessel functions Ij and Ko arc given in Whittaker and Watson, 
Modem Analysis, diapter 17. 
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2 B. W. Ghnsnttx Cnufoetvk fttm Bdatm of PktoHv 

10> 9 mm.; lengths of lower margin to base of inimovd>le finger IS» 
lip lU 10.4, 9.S mm.; maximum heights 10.5^ 9.S, 9> 3«Su^/ nun*; 
minimum heights 8.5, 87, 7.7, 7.S, 5.7 mm. The upper edge is 
strai^t and curves gently downward near its proximal and distal 
ends. It forms a right angle with the straight proximal margin. The 
lower edge is markedly convex in side view. The distal margin 
slopes steeply forward. The upper and lower margins arc carinate 
over almost their entire length. The upper carina is sharp, with 
a single row of small serrated sharply pointed teeth. The lower 
carina is slightly less sharp, with a median row of granules which is 
accompanied by lateral rows of somewhat irregularly spaced perforated 
granules (sockets), becoming more conspicuous near the base of the 
immovable finger The inner and outer surfaces of the hand are 
regularly and almost equally convex The outer surface is covered 
with widely scattered granules, mainly on the lower half. The inner 
surface is more evenly granulate, with the granules tending to become 
arrange in vertical rows near the lower margin The granulation is 
not visible on internal casts which show only muscle attachment pits. 
The immovable finger is slender, rounded in cross section, directed 
downwards at a very small angle, with a finely granulated prehensile 
edge near its base and one or two small triangular teeth on its 
proximal part There is no appreciable variation in shape or ornamen¬ 
tation. Two small chelae which were found in the Pebble Point beds 
are more elongate and their ^aiiulation and carination is weaker than 
in the typical C bakeri two aberrant specimens cannot be 

definitely assimied to the common species here described. 

Remarks—This species tesemhles C menffiesi Withers from the 
Middle Eocene (Scotland beds) of Barbados, and C panamensis 
Glaessner (JC elongata Rath bun, non Fritsch) from the Culebra for¬ 
mation (Middle to Upper CMigocene) of Panama. It differs from C. 
meMaic.ri in the more convex lower margin, the btraight proximal 
margin, and the ornamentation of the surface. C panamensis has a 
more strongly inclined distal margin and also a diffeient omamentation 
Figures and descriptions of o^er elongate C'oi/ioxaj.ro-chelae such 
as C erteta Bohm, C nuda Beurlen, C songoensts Bohm, C. longa 
Noetling, C. delta Rathbun and C hrasoensts Stenzel have also been 
compare but were found to differ from C bakeri either in the 
character of the margins or in details of the ornamentation. It is 
remarkable that most of the chelae of this type were found in Lower 
Tertiary deposits. 

CAtLiANASSA cf MCUNOSA Rathbun. 

(Plate 1, fig 6a, b) 

cf 1918 Callttmassa lacunosa Rathbun, U S Nat Mas Bull 103, p. 138, pi. 59, 
figs 8-11 (Culebra formation Panama, Middle tu Upper Oligoceue), 
cf. 1926 Caiitanassa lacunosa Rathbun, Withers, (3<ol Mag, vol 63, p. , 
pi 9, figs 3, 4 (Scotland b^s, Barbados, Middle Eocene) 
cf. 1935 Callumasia kuih lUthbun, Gcol Soc Amer, Spec Papers No 2, p, 72, 
p] 15, figs 30^35 (Midway group, Arkaftsas, PalCocene) 

Distribution—Eocene, Rivemook Bed, south of Rivemook House, 
on coast about Iji miles south-east of the mouth of the Gellibraod 
River, Victoria. 
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CUkctioo-^Geok^ Department, Melboome University, No. 1923 
(COIL Mr. G. Baker). 

Materutl-^Onc incomplete right hand. 

Descrii)tiOfi—^Upper and lower margin strongly convergent, lower 
and proaomal margin forming a right angle. Outer surface evenly 
convex, with a short ridge at the base of the immovable finger; inner 
surface almost fiat but somewhat inflated above the middle. Upper 
edge carinate, smooth, with a row of ei^t small sockets below the 
rim on the inner surface. Lower edge not well preserved, possibly 
granulate, Few scattered granules on both sides of the lower part 
of the hand. The measurements of this specimen are as follows; 
Upper margin 8.S mm, lower margin 8 mm., proximal height 8 mm., 
distal height 7 mm., length at the level of the interdigital sinus 8,5 mm., 
diicknesa 3.4 mm. 

Remarks—This species is remarkably close to the American species 
C. laeunosa, of which C huUi is probably a synonym. The ornamen¬ 
tation of the inner side of the propodus is a very striking feature which 
does not occur in other species of the genus. The present specimen 
differs, however, in the marked convergence of the upper and lowei 
margins and m the shorter infradigital ridge 

Caluanassa sp 
(Plate 1, fig 7a, b) 

About eight hands and a dactylus of a C(dlianassa from the River- 
nook locality repre^t another species which is undoubtedly distinct 
from C. bakeri and C lacunoM A small right afid a left liand were 
found close together and belonged evidently to the same incUvidual. 
These remains are unfortunately not sufficiently wdl preserved for n 
ccxnfrfete description of specific characters and no species name will 
be proposed for them. 

The hand is short and high, with the upper and lower margins 
s^ght and shai^y keeled and converging only slightly toward the 
distal mprpn. The proximal and distal margins converge more 
pronouncedly downward. The outer surface is moderately convex 
^e inner surface is generally flat, with a broadly rounded crest along 
its central part. The immovable finger, which is incompletely pre¬ 
served, is compressed at its base, with its upper edge slo^ng rapidly 
downward and with a rounded ridge extending a short distance Mow 
the articulation of the dactylus. There are about 10 weak granules 
scattered about the outer surface of the propodus near the base of 
the immovable finger. The inner surface shows a row of circulai 
pits just above the lower margin, with twojparallel rows of smaller 
and more widely scattered pits above it. The measurements of the 
largest specimen which is preserved as an internal cast are as 
follows: Ujrper margin 10 mm., lower margin 9 mm„proximal margin 
10 mm., distal margin 9 2 mm, greatest height 10 25 mm., thickness 
3.7 nun. 

A dactylus was found in a small rock specimen about one-half inch 
from a propodus of which only an external mould remain^ It is com¬ 
pressed and high, with a thin upper keel and a sharp prehensile edge 
with a toothlike projection near its base. There are three or foui 
large circular pits just below the upper edge. 
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A antU chelt in which the immovable &iger is preserved r e pf es en U 
m diird species of CalKamassa from the Rivemook Bed. It reseaablet 
C. bakert in its elongate shape, but differs in the straight lower maigin 
and straif^t finger, and does not show the characteristic ornamen¬ 
tation of die species from the Pebble Point beds. 

Genus Ctenocheles Kishinouye, 1926. 

1914 ?P 0 niach€hSt BaUs, Abh fC. fiaycr, Alod Wiu, II Suppl-Bd., IOl 
A hh., p 75 (Cheliped only) 

\926 CUnocMei Kiihinouye, Anrot Zoo! Japon, toI 11, p 63. 

1935 ischnodaciyins, Rathbun, Geol Soc Amer Spec Papers Nr. 2^ pp. 
63-65 {non lschnodactylu4 Pelseneer) 

1939 Tfummo s tochfUs, Bcurlen, Palacoat Zeitschr, vol 21, p 137 {non 
TkannuutockeUx Wood Mason) 

1945 CtxnocMfs, Melbourne Ward, Mem Queensland Mus, vol 12^ p. 134 
Genotype, C hoUsx Kishinouye 

Four isolated, lon^ thin, denticulate fingers, lying on a small rock 
specimen from the Rivernook locality, closely associated and partly 
overlapping, and evidently belonging to a single individual, are assigned 
to CtinocMis, This genus was established for a living Thalassinid 
corresponding in essential features with Cattionassa, but distinguished 
by the excessive development of the ri^t cheliped which resemUes 
that of the lobster-like deep-sea Decapod Thoumastocheles, but differs 
in the external position of the dactylus, the smooth propodus and the 
arrangement in a single plane of the denticles on the fingers. The 
type species was found in dero water off Japan. Recently another 
species was described from Morcton Bay, (^eensland. It appmra 
now that several si^cies of Decapod claws from the Lower Tertiary 
of Alabama, Mississippi and Hungary, described under different 
generic names, belong to this genus. 

Ctenochexjss victor nov spec 
(Plate 1, figs S, 9) 

Diagnosis—Fin|er6 of the large chela very thin and long, with 
regular^ altematmg longer and shorter curved and pointed teeth, 
those of the small chela with a row of granules and with the dittol 
ends curved 

Distribution—Eocene, Rivemook Bed, outcrop south of Rivemook 
House, on coast about 1J4 miles south-east of the mouth of the 
Gellibrand River, Victoria. 

Collection—Geology Department, Melbourne University, Nos 1925, 
1926 {con. Mr. W.XParr). 

Material—^Four fingers of the first pair of chelipeds belcxiging to 
one individual. As the fingers are lying in different directions and 
arc overlapping each otiier, they were partly damaged and partly left 
concealed when the rock specimen containing them was split open. 

Description—Both fingers of the larger cheliped are laterally com¬ 
pressed, long, thin, and straight. The base of the immovable finger 
18 preserved, but its tip is not clearly visible Its length is approxi¬ 
mately 13 mm. The distal end of the dactylus is broken off and the 
proxima] end is concealed. As preserved, its length is 14 mm. In both 
nogers the prehensile edn is armed with a row of pointed conical tecdi. 
On the dactylus about 5-6 slightly curved long teeth (over 1 mm.) 
arc visible; they are regularly spaced, with about three shorter tcetii 
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(fow tb«A }i nun.) in each interval. The avmgpamt <m the iininov^ 
abte finger seeniB to have been similar. There are indications that 
this finger was directed slightly downward, forming an angle with 
the lower edge of the propraus, which however is not preserved. 

The fingers of the smaller cheltped arc rounded in section, with a 
row of granules of slightly varying siic on the prehensile edges and 
several rows of widely spaced pores on the surface of the immovable 
finger The distal ends are distinctly curved. The length of the 
immovable Angpr of the smaller cheliped is 7 mm. 

Remarks—'Hie preservation of the fingers of the first pair of 
chelipeds without any traces of other parts of the integument is 
undoubtedly due to the charactei^stic weak calcification of the burrow¬ 
ing Callianassidae. The remains of the animal must have been buried 
before it disintegrated and the more strongly calcified fingers were 
apparently shifted out of their original position as a result of some 
slight suteequent disturbance of the embedding sediment. 

Ctenocheles victor differs from the living Australian C. coUini 
M, Ward m the slender shape of its fingers It resembles very 
closely C balssi (fig. 1), but the teeth on the larger fingers arc 



more rcgi^lv arranged, and the ends of the sutler fingers are 
more distinctiv curved. The incomplete chelae from the Mid(Ue 
OUgocene of Hungary which Beurlen (1939) described as Thauma- 
siocheles rupeiiensts possess the distinctive features,of Ctenocheles. 
Beurlen drew attention to their striking resemblance with the cheliped 
described by Balss as Pentachelcs sp ?, but overlooked the fact that 
Kishinouye had proved that this fragment belonged to the type 
species of his new genus. The fragmentary hands and fingm 
described by Rathbun (1936) from the Paleoccne and Eocene of 
Alabama and Mississippi as Ischnodactylus (/. cockei, L cultellus, 
U dentatus) also agree with Ctenocheles in their shape and weak 
ornamentation and calcification; the denticulation of most of these 
fingers is incompletely preserved. It ^ould be noted that their 
identification with Ctenocheles does not affect other species of 
Ischnodactylus such as the Cretaceous /. macrodac^ylus (Schluter) 
and /. esocinus (Fritsch), in which long spinv clav s arc associated 
with lobster-like remains of the carapace or abdomen Long fingers 
wi& long pointed teeth occur in more than one fai iily of Decapod 
Crustacea, out the shape, calcification and omamentaaon of the hand 
and fingers make it possible to distmguish them. 


6 AW. 

Bvdkiws of CdUBnassa iK the I^bble Point Bmf ^ \ ^ 

A peculiar type of cylindrical structures, obvioUsty of orraric 
oti^j oecurs in great abundance in the Pebble Point Beds at Buqdey's 
Pomt a^ attracts attention, rarticularly on weathered surfaces (Plato 
Ij fig. 10; Plate 2, figs. 1-5). The friability of the rock makes it 
diffi^t to collect satisfactory specimens or to take reliable measure¬ 
ments. The following observations on these structures were made 
in the lowest beds resting on the eroded surface of the Jurassic at 
Buckles Pointi one half-mile north-west of Pebble Point, and al<^ 
the coastal outcrop of the gritty beds north-westward towards Point 
Margaret. The tubes vary in size, but most of them are between 
yi inch and one inch thick. They are mostly fairly straight, occasion¬ 
al bifurcating, and lymg either parallel to the balding planes or at 
rif^t an^es to them or in various other directions Their length could 
not be measured as th^ become clearly visible only as portions of 
them weather out of the rock They are eroded away soon after 
their emergence from the matrix. Blind ends of the tubes are seen 
occasionally. Most of the specimens collected aie formed fiom more 
fine-grained material than the immediately sunoimding matrix, but 
sand grains occur in the filling of the tutx;s Significant characters 
of these structures which distinguish them fiom the mud-filled worm 
burrows commonly occurring m marine sediments can be summarised 
as follows —(1) Generally straight course, with more or less angular 
changes in direction; (2) bifurcating but not aiborescent branching; 
(3) limited size-range; (4) smooth surfaces, without agglutination 
of pellets or foreign b^ies to form walls; (S) occurrence of blind 
enos. 

These features, taken in conjunction with the common occurrence 
of CaUianassa bakeri in the same beds, suggest a burrowing Ciustacean, 
and in all probability this species of CMyinassa, as the originator 
of the burrows The size of the CoZ/wwoMo-cIaws is in reasonable 
agreement with the average size of the tubes. Taking the Recent C. 
aequimana W. H Baker from the coast of South Australia as a 
standard, an arbitrary procedure which seems justified m view of the 
resemblance in the proportions of the claws with those of C bakeri, 
it 18 found that in this Recent species a propodus 7 mm long on its 
upper edge (e(iual to the smaller specimens of C baken) corresponds 
to a carapace and abdomen about 12 mm. wide. This is in good 
agreement with the size of the four specimens of tubes collect^ in 
situ. Qaws as well as tubes seem to lange to about twice this size. 

Fossil burrows of Callianassa were described in detail by K Ehren- 
berg {1938) from the Lower Miocene of the Vienna Basin. Their 
Essential characters agree well with those of the structures here dis¬ 
cussed. A claw of Callianassa was discovered in the blind end of 
one of the tubes from the Vienna Basin locality. In his publication, 
^renberg discussed the available information on the habits and 
habitat of Callianassa and allied forms. It is well known that the 
Callian^sidae live in deepburrows in muddy or sandy sediments. 
According to Stevens (1929), CoWbnarja-burrows are very similar 
to those of Upogebia, which are d^cribel as 20-40 mm. in diameter, 
neerljr vertical, and Y-shaped or U-shaped with two or more brandies 
opening at the surface and with one or more short blind passages 
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extendlns down or to the side They were found either scattered 
or $0 close together that the mounds of debris deposited in heaps 
arouhd the openings achiatly touched each othei As a result of the 
pleasure of the animals body in the great many trips back and 
forward the walU are smooth as if plastered Judging from a 
comparison between these desenptsonb. and the field observations 
made to date it appears likely that the abundant fossil burrows in 
the Pebble Point Beds were made and inhabited by CaUianassa 
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2—A New Trdobtte from the Yerinpan (Lower 
Devonum) Rocks of Kmglake, Vtctona 

By EDMUND D. GILL, B.D. 

[Read 13th June 1946] 

Abstract 

Dtcranurus kingliken ts sp nov is dcscnbed and compared with D longt 
(Mitchell) from New South Wales and D monsirosus (Barrande) from 
Irohcmia The homologies of some parts arc discussed especially the genal 
spines The Victorian beds containing i)icra«iNrur are shown by the accom 
panying foss Is to I c Lower Yenngan in age Dteranurus occurs m Devonian 
beds except that in New South Wales D longujinus is found in beds referred 
to the S lunan The standing of the sub genus Bounyongta is discussed 

Introduction 

In the Kinglake District of Victona there is a large synclinal stiuc 
ture in which is preserved a senes of manne sediments of Lower 
Devonian age From Davies Quarry on the western branch of 
Stony Creek about a mile north of the Kmglake West State School 
a rich faunule including the new species now described has been 
discovered 

Classification 

The definition >f the family of tnlobites to which the new species 
belongs has been the subject of much debate However as a result 
of the researches of the Richters (1917 1928 1930) Reed (1925) 
Warburg (1925 1933) and others some general agreement appears 
to have been reached The following classification has been adopted 

Order OPISTHOPARIA Beecher 1897 
Family ODONTOPLEURIDAE Burmcistcr 1843 
Genus Dicranurus Conrad 1841 

Diagnosis —(Montoplcunds with lobes isolated by well developed 

false furrows from central part of glabella small first lobes large 
second and third lobes and small fourth (occipital) lobes median 
post glabellar projection (of occipital ongin) prt^uced into two long 
posteriorly directed recurved spines Cephalon more or less scmi 
circular free cheeks not anChylosed with fixed cheeks eyes post 
central Thorax with nine segments (not proved m genotype but 
inferred from D ktnglakensis) the pkuiae charactensed by elevated 
ndge divided unequally by a furrow into a narrower antenor part 
and a wider postenor part and extended distally into spines of unequal 
size corresponding with the pleural ndges in portion and relative 
size Pygidium with two long spines 

Dicranunu is like the genus Ceratocephala but m the latter 
the occipital spines are shorter straight divergent and separate at 
their ba^s (i c not fused into a median post glabellar projection), 
the free cheeks are anchylosed with the fixed cheeks the cession 
IS broader anteriorly than posteriorly the eyes are pre centml the 
pleurae are divided into equal parts by the median furrow 
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DiCRANUKUS KlNGtAKbNSlS, Sp nOV 
(Plate 111 figs 1 3) 

Ivii' MAii-kiA]—A hololypt cuiiMsttiig ot Ur cast of i ciiit)acc 
complete except for damage to the front of the cephalon Ihc matiix 
in which It IS preserved is i bluish gie} indurated shale with a thin 
band of brownish grey sandstone on the opix»site side of the slab 
from that preserving the fossil Univeisity ot Melbourne Dept of 
(jcolog) reg no 1936 collected and presented by Mr A A Brunton 
A paratype consisting of a cranidluni in the sinic niatiix collected 
and presented by Mr O P Singleton I Sc MUGD reg no 1937 
Both holotype and paixtype were collected from Davies Quarry 
west blanch of Stony Creek Kinglake West Victoiia 
THtCAKAiAci—(desclibcd from holotype p! Ill fig 1) is 6 S cm 
long (anterior margin incomplete) and 4 cin widt exclusive in both 
measurements of the spines Ihc general outline is roughly that 
of an ellipse with the longer sides flatleiud Tlie ciripace xs strongly 
ttilobcd and very spinose Ihc suiticc is covcied with tuliercks 
large and small In life the cephalon must hive been on a different 
plane from the thorax in ord i U allow lOom f i the recurve I 
occipitil spines 

rufc Cl I HALON —(1) Fhe cnundxum (dest riled iimn the piraty]ie* 
pi Ill 6g 2) in its outline is charactei ised l> almost straight lines 
The bides of the cianidium make an angle of appu vimately 120° with 
the anterior margin The posterior lateial angle of the cranidium is 
approximately SO Supporting the median pr st gl liiellai projection 
(charactcnstic of this genus) is a flat liricket (on each side) the oulei 
larder of which makes an angle of IS with tl c median longitudinal 
axis of the cranidium This bricket is fused to the fixed cheek 
and passes over the level of the laterd extensions of the occipital 
segment at about half way between the posterior lateril angle of thf 
cranidium and the median post glabellar piojcction This biackct 
carries the fourth lateial (occipital) lobe which is small The median 
post gLbcllar projection (Reed s post central lohe ) is about thr e 
quarftis of the length of the median area of the gli1)ella It bears 
posteriorly two long curved hollow spines the 1 asts r f which coalesce 
to form the post glabellar projection 

The false furrows of the glabelli ire relatively wide (1 5 mm) 
and deep and are parallel The median lobe is thus rcctmgulai in 
outline The second and third lobes are sub equ il and relatively large 
and well developed but the first and fourth (ociipitaH lobes rc small 
and little elevated The degree of tumidity is shown in hg IT which 
lb a longitudinal silhouette of the paratype nanidium and f\p^ 
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which IB a transverse section of the same The silhouette is nven 
rather than a median section, so as to show the configuration of the 
occipital spines 

The roines on the fossils descnbed in this paper usually have a 
median furrow due to collapse such as is found in thin hollow shells 
like Styhohna (Gill, 1941) They have also fine transverse markings 
The occipital spines bear tubercles 

The axial glabellar furiows ('true fuirows*') are but weakly 
developed anteriorly although more strongly so posteriorly A well- 
marked furrow bordci the lateral margms of the cranidium Another 
specimen (National Museum reg nos 14522 and 14523, whidi are 
counterparts) shows a similar furrow constituting a prc glabellar field 
on the cranidium The furrow and ridge of the ocapital segment 
are well displayed at their lateral extensions outside the brackets 
already descnbed 

The surface of the cranidium is well tuberculated, a particularly 
prominent tubercle being present on the median post glabellar pro¬ 
jection National Museum reg nos 14522 and 14523 show this 
tuberculation particularly well The tubercles show on both the 
cast and the mould proving that they involved the full thickness 
of the exoskeleton and were not merely external outgrowths There 
are prominent tubeicles on all the raised parts of the cranidium, some 
also form a row up the fixed cheeks between the axial furrows and 
the marginal furrows Between the larger tubercles are numetous 
ones of smaller size 

The median post glabellar projection is cm long and 6 mm 
wide It covers the first segment of the thorax before dividing into 
two strong, hollow spines These are 2 mm m diameter at the 
cephalic end, and circular in cross section They divert at first so 
as to make an angle of 40** between their axes then become more 
parallel (sec PI Ill fig 2) Only 1 cm of the spines is preserved 
m the paratype However other spccunens show that they were 
recurved, as is charactenstic of Dicranurus, but not spirally as in 
D monstrosus they are more like the occipital spines of D 
spmus (fig 1C shows the spines on a large specimen Mclb Univ 
□eol Mus reg no 1917) 

(2) Free Cheek (described from M U G D reg no 1938 PI III, 
fig 3) Width from margin immediately antenor to eye to margin 
immediately anterior to genal spine, 115 mm Length t^en at right 
angles to last line and on gemd angle side of eye, 12 nun Outer 
margin of cheek smooth, roundly curved, drawing in under the genal 
spine, which nses on the dorsal surface of the cheek instead of being 
a projection of the genal angle The spine anses only 3 mm from 
the inner margin of the cheek It is about 7 mm wide where it 
anses, but narrows quickly to 4 mm and is about 3 mm wide when 
it passes oE the cheek From its point of genesis to where it is 
broken off, the spine is nearly 3 cm long The spine is a little over 
1 mm wide where it is broken off but as it is a hollow structure 
crushed, this may not have been the original diameter 

The eye is raised on a short stumpy pedicel about 2 5 mm wide at 
Its base (longest diameter) The pedicd narrows a little before 
expanding at the top where it terminates in a hi^ly curved visual 
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area which looks oval to round from the dorsal aspect The free 
cheek is tuberculated the tubercles being grouped mostly round the 
base of the pedicel ui I 11 ound the outer margin Another specimen 
an internal cast shows the visual area to consist of numeious sub 
hemisj^encal bodies (casts of inner surfaces of the lenses) much 
less than their own diametci apart The eye consisted therefore of 
closely packed strongly convex lenses There are 12 lenses per milli 
metre so there must have been some hundieds in the complete eye 
There is a definite rim in this specimen where the visual area begins 
The pedicel is about 1 mm high ind the visual irea approximately 
the same 

The cianidia and the free cheeks show that the eyes were situated 
opposite the anteiior end of the third glabellai lobt and so post central 
—a distinguishing feature from the closely allied genu<; Ceratocephah 
In most cases the free cheeks and cranidia arc found sepante whereas 
these parts are fused together m Ceratocephalo and so the cefdialon 
IS usually found whole 

The Tuorax —(dcsctibed from holotype) consists f nine seg 
Clients The thoiax is more 01 less even in width (about 4 cm ) until 
the 7th segment fiom whence the width is reduced giadually to align 
the margin of the thorax with that of the pygidium The axis is pro 
mment (anteriorly 1 cm wide or 1 5 cm including nodules) and 
tapers postcnorly proportionately with the pleurae Antenoily the 
axis nses 4 mm above the most elevated part of the pleurae Nodules 
clearly developed they are associated with the broader postenor ndge 
of each pleuron 

The part of the pleurae in evidence from the dorsal aspect of the 
tnlobite consists of a broad raised ndge divided by a shallow furrow 
into a wider postenor part and a narrower antenor part the latter 
being roughly half the width of the former Each pleuron is extended 
distdly into two spines—a narrow short antenor one and a wider 
long postenor one Probably the relative development of these 
spines IS connected with the rdative size of the subsidiary ridges on 
the pleurae It would appear from the holotype that the postenor 
Mpines art only of the order of a centimetre m length on the first 
three pleurae and deflected backwards at an angle of the order of 45* 
to the longitudinal axis of the tnlobite whereas on the succeeding 
pleurae there aie long strong spines up to 4 cm (ai cl perhaps more) 
m length deflected so as to be approximately parall I w th the longi 
tudinal axis The spines on the fourth and fifth segments arc Ae 
longest The respective length of the spines seems to be connected 
with their proleelive function when the tnlobite is eni oiled 

The thorax is tubercuUtt there being two promnent tubercles on 
each segment of the axis one m the middle of the wider subsidiary 
ndge of each pleuron one where the heavier postenor spine is 
deflected and sometimes others on the spines 

pYCiiDiuM—(desciibed from holotype) Small nd sub tnanguhr 
in outlme Gicatest width 2 5 cm and greatest length 08 cm Three 
segments are discernible on the axis declining in d finition antenor- 
postenorly The segments have two tubercles on them as m the 
thorax The axis is about half the lengtii of the pygidium, wdl 
rounded terminally and standing about 3 mm above the rest of the 
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pygidium The most antenor segment has nodules on each side of 
the axis and is produced into well defined pleuial ndges with strong 
furrows on each side At ibout half the distance to the margin, the 
ndges are deflected backwards very strongh and arc produced 
beyond the margin into long strong spines which art directed almost 
parallel to the longitudinal axis oi tiic trikibitt Iht ndges on the 
p>gidium hive i central tubercle on them is do then homologues in 
the thorax the pleurae Apart from the spines the maigin of the 
pygidium IS smooth 


Specific Companions 

The new species is compared with the following forms 

(1) DtcranurtiK longisp\jius (Mitchell 1889 1 the ridge and Mit 
chell 1896) Pi III hg 4 Ftheridge and Mitchell referred this 
species to Ceratocephala but it does not belong theu because the 
free and hxed cheeks are not fused the oce pital spines arc not 
straight and separate at then bases (it has a post gUbcllai projec 
tion) and the pleurae are not divided into equal areis by the pleural 
furrows The torm on the other hand has all the diagnostic features 
of the genus Dteranurus 

The type mateiial has been examined and found to be very similar 
to our new species Just as Grmtcalymene australis (Etheiidgc and 
Mitchell) G angustior (Chapman) and G lootamundrensts Gill 
constitute i dosel) related gens so do Dteranurus longtsptnuf and 
D ktnglakcnsfs The new species is distinct from Mitchell s species 
in that it IS altogether i more developed form of hcaviei build Tins 
18 illustrated in the following features 

a Dteranurus kinglakensts is typically much biggei thin the latter 
Companson of a number of speamens shows it to be one third 
or more larger 

b The carapace is more tumid (up to twice the elevation) 
c It IS more heavily tubcrculated 
d The eyes arc more prominent 

e Proportionately the thoricic nchis i^ wider The ntio width of 
rachis over width of thorax is 4 4 8 foi D ktnglak nsts and 
D longtsptnus respectively 

f The pygidium is moic robust in the foimcr species The ratio 
width over length for the two species is 2 6 ^15 icspcctively 
The pygidial spines are proportionately stionger 

Dteranurus kinglakensts is a more developed foim than D lonqt 
sptnus and from this it may not be wrong to infer thit it comes 
slightly later in the evolutionaiy sequence Its stiatigraphical position 
IS discussed on page 13 

(2) Dteranurus monstrosus (Barrande 1852) The cranidium of 
this species IS very like that of D hnglakensts except that there is 
a marked difference in the spines The originil figure of Hmande 
(1852 PI V fig 34) and the photographs reproduced by Pud and 
E Richter (1930 fig 6) show that there is a difference of about 20* 
in the divergence of the spines also the spines in our species and 
that of Mitchell curve downwards and perhaps a little outwards 
(although this may be due to crushing) but they are not spirally 
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recurved u are those of D. monstrosus. There are no branches on 
the spines of our species as figured for Barrande’s species (R. and ^ 
Richter, 1917, fig. /). The eye pedicels of D. monstrosus are longer 
than in the new species. 

(3) Diermurus hamatus Conrad (1841). This species is the geno¬ 
type for the genus Dicranurus, and comes from rocks of l^wcr 
nelderberg age. The figures vary somewhat, but apparently the 
lobation is much less distinct than it is in our species. The eyes in 
D. hamatus are situated much further back (Clarke, 1892, FI. 1, fig. 6) 
than in D, kittglakensis. Moreover, the thoracic segments arc of an 
altogether different construction, as also is the pygidium, if those 
figured by Hall (1861, Ft. 79, fig. 19) have been proved to belong 
to that species. It is interesting to note that each segment of the 
ax i s bears two tubercles (considered to be homologous with the 
occipital spines), an arrangement which holds for the species of 
Dicranurus known so far. 

(4) Dxcranurvis Ixmenarcha Clarke (19()5) has only a superficial 
resei^lance to the new species. 

Associated Fauna 

The following forms are associated with Dicranurus kinglakensis', 

ANTHOZOA Lindstroentia ampla Chapman. 

L. yeringae Chapman. 

1 Picurodxciyum megastomum Dun. 

Pleurodictyunx sp. nov. 

BRACHIOPODA Anopha australis Gill. 

A, withersi Gill. 

Dalmanella aff. elegantula (Dalman). 
Eospirifer sp. 

Lepfaena rhomboidoiis (Wiickens). 
Nucleospxra australis McCoy. 

Orbiculoidcs sp. 

Plcciodonta bipartita (Chapman). 
PELECYPODA NucuHtes maccoyianus Chapman. 

Palacomilo sp. 

TKILOBITA Homalonotxxs sp. 

Leonaspis sp. 

Odontochile sp. 

Proctus sp. 

Scutellum sp. 

OSTRACODA Beyriehia sp. 

Plumulites sp, 

ECHINODERMATA Rutroclypeus sp. 

There were also collected starfish, brittlestars, enrpoids, crinoids, 
and polyzoa which have not been determined yet. 

Stratigraphical Inferences 

Anoplxa of two .species in good numbers and plentiful Plcciodonta 
bipartita indicate a Lower Yeringian age (Ciill, 1945). The rest 
of the faunuie fits in well with thi'^ age determination. Tlic type 
Yeringian sandstones, shales, and mudstones have l)eeii shown to be 
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Lower Devonian in (Gill, 1942). Dicranumst Pleurodict^m 
(two species present), and Plectodonta of the P. comitates (cr. F. 
bipartita) are Devonian forms in overseas faunas. Dicrmuruj 
kinglaktnsis is very close to D, monstrosus from fitage G of the 
Bohemian Devonian, The present writer has previously drawn atten¬ 
tion to the affinities between the Bohemian Devonian fauna and the 
Yerin^ian faunas of Victoria. This is well illustrated in the case of 
the tnlobites, as the following table shows; 


Victorian Form 


Compared Bohemian Form 


fiUfC 


1 

2 

3 

A 

5 

6 

7 

B 


Acamthopyge ausiralis (McCoy) 
Calymene kiiiarenns Gill 
Chetrunts aff. gtbbui Beynch 
C sUmbergi (Boech) 
^'Dalmomtcs tneridianus" Eth. & 
Mitch 

Gravitalyrntne angujitor (Chap¬ 
man) 

Phacops fccundus Barrande 
ScuUllum grrtnt (Chapman) 


A, kaueri (Barrande) 

C. biumenbacki Brongniart 
C. gibbus Beynch 
C sternbirgl (Boech) 

D (=Odontochtie) Aonr- 
fHonnt Bronmart 
G inierjecta (Corda) 

Phacops fecundus Barrande 
S. formosus (Barrande) 


F 
E F 
FG 

£ FG H 
G 

FG 

E F G H 
G 


The above determinations are not all according to modem standards; 
c.g.. the Phacops fecundus found here varies from that found in 
Bohemia. The name Dolmanites meridianus has been used by various 
authors to cover a closely related series of forms referable to the 
genera Dalmamtcs and Odontochiie The form at Kinglake is an 
Odontochilc. Nevertheless, the similarities are striking and not with¬ 
out significance. 

On the other hand, the Yeringtan fauna is not one completely of 
Bohemian aspect. As already shown (Gill, 1942), there arc affinities 
with other Boreal faunules, especially in North America. 

Our new species of Dicranurus is very close also to D longispinus 
from the Hume Scries in New South Wales, which have been referred 
in toto to the Silurian (Brown, 1941), The bed containing Dicranunss 
also contains Pleurodktyum^ although Dr. Brown is of the opinion 
that the N.S.W. form is not comparable with the genotype (personal 
communication). 


Palaaozoological Features 

Spines. The high degree of spinosity of Dicranurus kxnglakensis 
is a notable feature. The spines are hollow, and so aided a floating 
habit for this trilobite. They would be lined by at least one layer 
of cells, because the spines arc part of a secreted exoskelclon, but the 
centre may have been occupied by light parenchymatous tissue or a 
blood sinus. 

The considerable surface area of the numerous spines would provide 
a good deal of friction with the water, and thus aid floating, just as 
the appenda^s of some crustacean larvae do. The action may be 
compared with a snowshoc preventing sinking into snow, or the large 
surface area of a camel's foot-pad preventing sinking into sand. 

Such spinosity of trilobites is frequently associated with the 
elevation of the eyes on pedicels. Both arc adaptations to a planktonic 
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habit The spines helped to keep the animal afloat, and the eyes on 
pedicels more readily descried danger. A trilohite half obscured in 
the mud of the sea floor did not need the sharp lookout necessary for 
a planktonic form. One notes the large eyes of crustacean larvae and 
other forms of marine plankton. When danger came, the trilohite 
rolled itself up, presenting the enemy (in the case of Dicranurus) 
with a chitinous spheroid well armed with spikes. The spines may 
thus be regarded as having a protective as well as a flotation function. 
A third function is that of balancers, like the outriggers on Pacific 
islanders' canoes. This would apply particularly to the big out¬ 
stretched ^enal spines of Dicranurus. 

The radial afrangement of the spines in the genus Rodiaspis suggests 
that it was adapted for floating without locomotion. In D. king- 
lokfnsis and D longispinus (the only species of the genus where the 
complete thoraces are known) the long thoi.icic spines and the pygidial 
spines are carried backwards in a btreamlined fashion. This is clearly 
an adaptation to floating with locomotion. The movement, however, 
would be in one direction only. The adaptation was for forward 
movement, the deflection of the spines being disadvantageous for 
any quick backwards movements as seen in some modern Crustacea. 
(It is not suggested that the Trilobita should be classified as Crustacea.) 

imagines Dicranurus floating among the plankton or swimming 
gently forwards. Like the icst of the Odonlopleuridae, it is highly 
adapted and specialised. Other Odontupleurids arc present with the 
new species, but material good enough for description was not 
collected. 

It is imagined that the spines would complicate moulting As the 
spines would have to be renewed at each eedysis, cells capable of 
secreting a new exoskcleton must have lined the inner surface of the 
spines. At moulting, the newly forming spines would need to be 
withdrawn from the old ones As apparently the animal emerged 
from the front uf the old armour, the backwards deflected spines 
would be easier of egress than the radially orientated spines of 
Rodiaspis, or the long, slender curved spines of Aucryopyge 

Occipital Structurls. The interpretation of the median post- 
glabellar projection with accompanying brackets and spines as occipital 
structures (Warburg, 1933), seems to have found acceptance rather 
than their interpretation as rfabcllar ones (Reed, 1925). The study 
of the Australian species of Dicranurus brings support for Warburg's 
view, it being possible to demonstrate the intimate relationship 
between the obvious part of the occipital segment, the post-glabellar 
pr^ection and the brackets. 

The brackets carrying the occipital lobes illustrate a well-known 
architectural principle for buttressing a member carrying heavy strain. 
The long occipital spines must have transferred considerable strain 
to the projection carrying them. The projection stands about 3 mm, 
above the lateral extensions of the occipital segment in D. king- 
lakensis, and projects back half a centimetre over the thorax. The 
brackets provide excellent support for this structure which needs it in 
view of me relatively big strain carried. The brackets link the fused 
bases of the spines (i.e., the post-glabcllar projection), the lateral 
extensions of the occipital segment, and the glabella and fixed checks. 
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1 agree with Warburg in considering the occipital spines homologous 
with the tubercles on the ocapital nng Dtcranurus ktnglakensts, like 
all other species of this genus of which the thoracic segments are 
known, has two tubercles in a like position on the axis of each 
segment of the thorax and pygidium Judging by the faint tubercles 
on the pygidium of D longtspitius, the same airangcment probably 
existed there The very prominent tubercle behind the median 
glabellai lobe in D mcmstrosus D lonijupinuSt and D kMtglakensis 
may be regarded as an incipient spine 
Writers have drawn attention to the fact that the cephalon and 
thorax of Dxcranurus could not have been in the same placi, because 
of the large occipital spines curved down below the level of the 
cephalon The onentation of the trilobite must have been therefore 
one of the following 

(a) 1 or the thorax and pygidium to form an obtuse angle with a 
honzontal cephalon (the angle would be of the order of 
in the case of D kMiglakensts) This would considerably mciease 
friction with the water in locomotion, and decrease the friction 
assisting flotation The same would apply to a partially enrolled 
condition The ihorax and pygidium could have been horizontal 
and the cephalon inclined downwards, this would interfere with rear 
vision 

(6^ For the thorax and pygidium to be cuived so that the dorsal 
surface of the tnlobite was concave, a stance illustrated for tcraiarges 
by R and E Richter (1930, fig S) This arrangement (if not 
extreme) would produce less friction in locomotion than (a), and 
would affect tht animal’s flotation to no appreciable extent This 
appears to me to be the more likely attitude of the animal in life, 
as It IS a better adaptation 

However it is difficult to imagine how the otupital spines weic 
accommodated \nD monstrosiis Clarke (1892 PI 2 figs 1 2) and 
the Richters (1930, fig 6) show that these spines were returved to 
an extreme degree, and so the animal must have remained partially 
enrolled, or Us body must have been at neaily light angles to its 
head Both these attitudes are amazing, especially foi a planktonic 
form This appears to be an example of a specialisation being earned 
to exti ernes, and so becoming a liability instead of an asset 
It has been suggested that these occipital spines were the beginning, 
m this group, of the provision of a thoracic cover (cf extant 
Crustacea) When Dtcranurus was enrolled these strong long spmes 
did provide some protection for the thorax, but they appear to have 
been a disadvantage when the animal was not enrolled 
Genal Spines Reed (1925, p 423) has drawn attention to the 
phenomenon of gcnal spmes which nse from the dorsal surface of 
the free cheeks instead of being projections of the genal angles as is 
usually the case He questions whether these genal spines are really 
homologous with the usual genal spines The alternatives appear to be 
(a) That the spmes are outgrowths of the rolls of the free cheeks, 
or the hypertrophy of tubercles thereupon One may compare here 
the probable origin of the occipital spines from tubercles on the 
occipital segment 
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(b) That the spines are trae gcnal spines (bein^ outf^rowtlis of the 
margin the exoskelelon in the same way as the thoracic spines 
arc), but whose bases have extended back over the surface of the 
free checks. 

I incline to the latter opinion (in the case of D kinglakensis at 
least), because there is no genal angle underneath the spine. A 
specimen giving a good lateral view of the free cheek shows that 
the lateral and posterior margins of the fiee cheek curve in quite 
strongly under the spine, rising to flow outwards as its ventral 
surface. If a free cheek with normal genal spine were made of 
plastic material, and the spine then push^ in towards the eye, the 
structure would simulate that found in D. kinglakensis If llie spine 
in this species were an hypertrophy of a dorsal tulierclc or otherwise 
an outgrowth of the dorsal surface of the free cheek, then one would 
expect to find a more or less normal genal angle, even if somewhat 
fused with the spnne above. 

Pygidium. a point of interest in Dicranurus which one has not 
seen commented upon is that the deflection of the segments fused 
in the pygidium is not marginal (as in the thorax), hut about half-way 
between the pygidial rachis and the margin of the pygidium. This 
suggests that in the fusion of the elements of the cxoskolcton that 
form the pygidium, the coalescence extended beyond tlie pleurae so 
affected, and filled in between the deflected pleural spines, thus placing 
the angle of deflection upon the surface of the pygidium instead of 
at the margin. Such a deflection of segments in the pygidium is rare 
among trilohites. 

Paiaeoecology 

Dicranurus kinghkeusis occurs at Davies' Quarry, Kinglake, in a 
band where it is associated with a number of other trilobites. Not 
far from the trilobite band is a coral band in which fJndstroemia and 
Pleurodirtyum predominate. Corals are an inconspicuous element 
in the trilobite l>and. and the trilobites a minor feature of the coral 
band In sorting out loose blocks on the floor of the quarry, one can 
readily say from which band each fossiliferoiis block comes The 
matrices appear to be the same, but obvifiusly there must have been 
some definite ecological difference. The similar matrices show that 
there was a similar mud floor in each case. As the corals arc affected 
so conspicuously, temperature may have been the variant. A warmer 
current may have encouraged the development of corals at one time, 
and a cooler current favoured the trilobites at another . 

The structure of Dicranunts kinqlakensiv indicates that its habit 
was planktonic (cf. Ruedemann, 1934). It is remarkable how such 
forms are often limited in their geographical distribution as far as 
their apparent fossil occurrence is concerned Dicranitrus has been 
found in the Kinglake area only of the Yeringian, just as Acanthopygc 
australis (McCoy) appears to be limited to the Killara area, although 
common there and a planktonic form (Ciill, 1939). On the other 
hand, mud-loving trilobites like Phacops seem to be ubiquitous in the 
Yeringian Series 

In Davies’ Quarry there is a third band presenting yet another 
quite distinct assemblage. It is characterised by numerous cchino- 
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6di and bnttlc Atars) 4 nd tnlobies No starfidi wat ttnod m Ac 
other two borizcois, and the only echidoderms were ennoids 

Note on the Subgenus Bounyongie 

The lefcmng of Ceratocephah longxspina in this paper to the 

S enus D%cranur%s bnngs into question the standing of the subgtnus 
)oimyongui (Etheridge and Mitchell.. 1917 pp 497 8) The type 

S ecimens (PI 26 figs 12 13 PI 27 fig 14) have been examine, 
cy are somewhat crushed They are not referable to the genus 
Dicraimrut because the cephalon is broader anteriorly than pos 
tenorly the free cheeks arc fused to the cranidium the spine 
arc separate and the eyes are pre central Cowper Reed has men 
tioned the imperfection of the specimens (192S p 417) and Warburg 
(1933 p 14) has expressed doubt about the feature cm which the 
subgenus was based i e the emergence of spines from the glabella 
After examining the specimens I am in agreement with Warburg 
that the spines are occipital and therefore present no new feature 
upon which a subgenus could stand Both specimens show a pro 
mment cential tul>erc]e in the area between the central portion of the 
glabella and the spine base^ such as is seen in EHcranurus As the 
subgenus was founded on a misinterpretation it must now lapse 
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3 —A Fossil Crab from the Lakes Entrance Od Shaft, 
Gtppsiand, Victoria 

By IRENE CRESPIN, BA 

[Read 6th June 1946] 

Introduction 

Durinfj^ the sinking of the Lakes Entiance Oil Shift situated in the 
Parish of Colqiihoun about 2 miles noith cast of lakes Entrance 
township 198 miles cast of Melbourne i very large quantity of 
sedimentary material was excavated and many well preserved fossils 
were discovered 

The shaft was sunk tn the depth of 1 212 feet and during (^rations 
a unique opportunity was afforded the palaeontologist to collect suites 
of fossils fiom the various stratigraphic honrons through which the 
shift passed The wliter paid frequent visits to the site to make 
observations on the stratigraphic sequence and to collect f issiliferous 
mitenal At the same time members nf the staff at the shaft were 
constantly on the watch for specimen of large fossils and it was 
due to the keenness of ceitain of these men that the remains of a 
fossil crab were discovered 

Two carapaces and a chela were foun 1 at a depth of 1 000 feet in 
brown fine grained sandy and micaceous marls characteristic of 
the Tanjukian Stage of the MiddK Miocene in the T akes Entrance 
\rea (Crcspin 1941) Thev were issociated with an assemblage 
of micro fossils which are typical of Janjukian deposits elsewhere in 
Victoria 

The discoxeiy of remains rf \ decapod ciustacean referable to 
the genus Mar pact ocaremus m locks of Middle Miocene age in 
Victoria IS of some importance The only other crab previously 
iccorded from the Victorian Tertiaries is Ommatocarcxnus conoensxs 
(Cresswell) which was found in the Miocene deposits at Cono Bay 
neai Teelong (Cresswell 1886) It was considered that the genus 
HOf pact cdrcmus had a restneted range from Focenc to Oligoccne 
Two species M amertcanus and // rathbunae have been recorded 
from the Eocene f Texas (S enzel 1934) and one species H 
tumtdui was descril ed from the Upper Oligoccne beds at Wood 
pecker Ray Prighton South Island New Zealand (Woodward 
1876) However in a personal communication from Dr Marwick 
of thL Geologic d Survey of New Zedand he stated that specimens 
of a crab piohibly referable to Harpactocarctnui had been dis 
covered in beds of Middle to Upper Miocene age in New Zealand 

The type specimens of Marpactocaranus ttcfortensis aie housed 
Ml the Commonwealth Palaeontological Collection Mineral Resources 
Survey Canberra 

The plate which accompanies this paper has l>een prepared by Mr 
r Cnsp of the Department of the Intcnor Canberra to whom I 
express my thanks T 
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Description of Species 

Order DECAPODA 
' Family XANTHIDAb 

Genus Harpactocarcinus Milne Edwards 1862 

HaRPACTOCARCINUS VICTORlhNSiS sp nov 
(PI It JV figs 17) 

Holotyfe Carapace pieserved partly with armour in place and 
partly is internal mould Cai ipact vti*} tumid from finnt to back 
especially in branchial and gastnc regions Whole of surface finely 
granulated Frontal portion broken and partly obscuted by matrix 
Frontal margin is narrow span between oibits meisunng IS mm 
Orbits are fallow and rounded Lateral angles of tpibranchial 
border marked by I lunt and rounded denticles The under side of 
carapace shows bioad ibdomen suggesting a fcmile form The list 
segment of the alxl imen is broadly triangular in shape Other seg 
ments are indistinct 

Width of 1 u ipact 8*5 mm length fiom u strum to posterior 
border 78 nini length along cuive of carapace 90 mm greatest 
thickness mm 

pARATYprs 1 C ai ipace pieserved chiefly is inteinal mould 
Carapace fl itlei than m holotype covered with fine granulations 
Posterior Ixiider broken 1 rontal portion also broken but indicitions 
are that rostrum short The livisions lietween the branchial cirdiac 
and gaslnc legions ire very slightly indicated by undulations of the 
surface of the ciripicc and by i slightly roughened and incised line 
petalloid m si I pi of short oblique markings on the side of the 
gastric region 

On the under side the sternum is fairly well pitscrved The 
longitudinal median gro ve of the sternum shallrw The first 
segment of the sUrniim is broadly V shaped from in front of the 
abdominal tip to the anterior margin of sleinum 1 he aldimen is 
not pieserved The four pairs of simple monodactylous feet arc 
present but have been 1 roken 

Width of tarapict 89 mm length from rostrum to broken 
posterior bordei 7S mm leni^th dong eurvt of caiapace 80 mm 
thickness of canpaee 2S mm 

B Right Chela Chela puser^ed as internal mould with a few 
fiagments of mnour in place incomplete robust and cmered entirel> 
with fine grinulations Kfughly tnaiigulai in shipe Proximal end 
contiacted distd end broad Outside surface stiongly con^ex inside 
slightly convex ni centi il porti n with a dtpressicn towards proximal 
end neai outer maigin Outer maigin strongl> cuived towards narrow 
proximal end Insidt mirgin neailv straight but tapeiing towards 
proximal end Both fixed finder and dactylns broken 

Length of palm SO mm width at proximal end circ 12 mm 
width at distal end 37 mm thickness of palm near distal en I 27 mm 

OBStRVATioNs This ncw species of crab from the Middle Miocene 
of Victona closely resembles Harpactocarcxnus tumtduf described by 
Woodward from the Upper Oligixene of New Zealand (Woodward 
1876) In H Mf/oriewnr the carapace is covered entirely with fine 
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granulations, whereas in H tumvdusp only the p<^enor part of the 
carapace is completely granulated the anterior portion being smooth 
There is also a difference in shape of the petailoid markings on the 
carapace of H inctonensis (only visible on ^ratype) and H tmmdui 
The area between the tips of the two petals are broadly V shaped ul 
the former and broadly U shaped in the latter The holotroe of the 
Victorian species is slightly larger than the New Zealand fonD« and 
shows a greater depth when measured along the curve of the carapace 
The ^ratypG exhibits less tumidity than either the holotype or the 
New Zealand species 

OccuRRbNCE In brown fine giamed, sandy and micaceous marls, 
Lakes Entrance Oil bhaft Gippsland Victona, at the depth of 
1,000 feet 

Holotype Comm Pal Coll No F 15,644, Ttoc No 318 
Paratypes Carapace Comm Pal Coll No F 13,692, Type No 
319 Chela Comm Pal Coll No F 15,645, Type No 320 
Ac£ Janjukian Stage of the Middle Miocene 
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Explanation of Plafa 

Plate IV 
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4—A Critical Revietr of the Imwct Palaeozoic 
Succession of Tasmania 

By D. E. THOMAS 

[Rc'id 13th June, 1946] 
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Abstract 

The literature dealitif; with the Lower Palaeozoic rocks of Tasmania la 
reviewed and attention is driwti to thi changing ideas of the correlation 
of these rocks and ihc rc^^on^ for thtbc cl aiii,cs It is pointed out that until 
detailed fossil Lollcctions are exnmin d by modem palaeontological methods, 
(he true sequences cannot be dftcnnmed or the Atiuctiiral problems fully 
appreciated It is mgccsted that the Cambrian follows the Proterozoic 
probably conformably that the Ordovician is separted from the Cambrian 
o\ a diastnphic period ind the oamc applies to the Silurian and Ordovician 
although in tins the aqc of the basal beds of the Silurian the West Coast 
Range Conglonuratco his net been determined fhere is a conformable 
pasAige to the I ower Devonian which corresponds to the Victorian \enngian 

Introduction 

During my short tei m as Government Geologist for Tasininta, much 
thought was devoted to the Ix)wcr Palaeozoic Succession as the 
metalliferous dep<isits are confined to these rocks It soon bctame 
evident that the ideas as to the sequence had changed so often that 
the evidence that gave use to these changes had to be assessed It 
was intended to study some of these proldcms m the field, but owing 
to my return to Victona tins was not possible These notes are 
intended as a summan of the scattured liteiaturc on ibis problem, 
to draw iltentmn to sonic of the problems yet to bt solved to the need 
for fresh evidence and its study by modem palaeontological and 
stratigraphical methods 

Historical 

Three main penods may be considcied 

(i) First Pertod from 1860 1910 This embraces that penod when 
field work was actively supported by identification of the foasds 
during these surveys Thus Gould sent fossils to Salter and McCoy, 
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Jduuton identified many himself and Stevens sent his to R. Etheridge, 

t ‘un. Twclvelrees and Ward sent their fossils to be identified first 
ly R. EthcridgCp jun., and then by W. 5. Dun, but after 1910 the 
fossils lists are for the most part merely repetitions of these earlier 
ones. 

(ii) Second Period, 1910-1930, Very little systematics on fossils 
was carried out during this period, due to the unfossiliferous nature 
of much of the country examined, and to a concentration on mining 
properties to the exclusion of stratigraphical problems. During this 
penod only occasional papers dealing with palaeontology appeared, 
and these were mainly by F. Chapman dealing with isolated occur¬ 
rences. 

(iii) Third Period, 1930 onivards. The date of the commencement 
of this period can be regarded as only apiiroximate The events that 
initiated it may be taken as the realisation that the porphyroids were 
probably post-Silurian, due to the work of P, R. Nye, K, J Finucane, 
F. Blake, and Q. J. Henderson (mostly unpublished); to the descrip¬ 
tion of fossil plants by Dr. I. Cookbon and the redcscription of some 
Ordovician fossils from published accounts by T. Kobayashi. Tliis 
was advanced further by the field work of A. N. Lewis, in the 
Junce area, when he sent fossils from thib district ab well as some 
from Caroline Creek to Kobayashi. Then came the work on the corals 
1^ Dr, D. Hill and the discovery of “dendroids*' in Dundas Slates. 

First Period, 1860-1910 

Charles Gould: The first geologist to unfold, in any systematic 
manner, the structure of the lower palaeozoic rocks in Tasmania was 
Charles (kmld, Government Geologist 1860-1870. In an exploratory 
joum^ which must rank high in the history of Tasmanian develop¬ 
ment, Gould in 1860-1862 mapped the country between Lake St. Clair 
and Macquarie Harbour, and thence northward across the Eldon 
Ran^e and the Murchison to the Van-Diemen’s Land Company's 
holdings in the north. In his reports of these journeys Goxild records 
the main outlines of the lower palaeozoic formations developed in 
Tasmania and the most characteristic fossils of the more Jm^rtant 
members. 

In 1860 Gould recorded a group of fossils from the western half 
of the Eldon Range to the Collingwood Rivei, which bhows that in 
this area is a group of rocks identical with those now called the 
Queen River Slate and Sandstone series and the Cordon River Lime¬ 
stone series. Among the fossils he identifies Calymene, Orthis and 
Cardiola. Calymene from Tasmania lias not been figured so it is not 
possible to chedc this identification. 

In 1861 Gould reported on the Mersey Coalfield and records the 
disoovety of a fragment of a small trilobite at Caroline Creek. The 
beds in which this was found (termed by him ferruginous sand¬ 
stones) were recognised to be in close stratigraphical association witii 
the limestones of the Don Valley (Melrose) which he placed im¬ 
mediately below the Caroline Creek sandstones, the latter being suc¬ 
ceeded upwards by coi^lomerates. In the footnote obviously added 
to this report after his visit to the West Coast, Gould laid the 
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foundation of an error which led to subsequent confusion He states 
that after his work in die Mersey Valley he regarded the Don lime 
stones as low m the palaeozoic succession but after a visit to the 
Great Bend of the Gordon and the Florentine Vall^ he considered 
the limestones occurring thctc i*> identical with those of the Don 
Valley (in this he was quite correct) but as the fossil evidence 
yield^ by the limestones at the mouth of the Gordon (Macquanc 
Harbour) which he regarded as identical with those at the Great 
Bend (this in error) showed the Macquanc Harbour occurrence to 
be high in the Silurian he elevitcd the Don Chudleigh limestones to 
that position (Gould 1861) 

In 1862 Gould published a repoit on Macquarie Harbour stated 
to be of a general nature only lie took the beds of limestone as a 
key and enunciated the theoiy that Western Tasmania showed a 
senes of parallel north south folds producing a lepetition of beds from 
east to west 

A considerable list of fossils is given These were taken from a 
collection made earlier by Dr Milligan (see Johnston 1888 p 62), 
supplemented by those gathered by Gould from the two b^s of 
limestone—one near the mouth of the Gordon the other at the 
junction of the Gordon and hranklui Riveis extending several miles 
thence up both valleys (See map acccmpanying the repoit) Gould 
stated that he considticd these limestones wcie identical with those 
at the Great Bend but did not advance any arguments in support 
of this view He considered the limestone to be underlain by sand 
stones and gnts and below these occurred a bed of conglomerates 
(clearly from his desciiptions what we know now as the West Coast 
Range Conglomerates) He placed the Lldon Valley mudstones as 
higher than the limestones and records that some similar rock out 
crops at the mouth of the Gordon (It may be slated here for the 
sake of daiity that the Lldon Valley Senes of Gould is what is 
now known as the Queen Rivei Slate and Sandstone bcncs his 
limestone at the mouth of the Gordon is the Gordon River Limestone 
Senes the underlying gnts and sandstones are the Quartzite Senes 
and the conglomerates the West Coast Range Conglomerate Senes ) 
So Gould had as early as 1862 a clear view of what may be termed 
the Silunan succession His con elation of these beds with the 
Don Chudleirt limestones and the associated Caroline Creek Senes 
was followed by some subsequent workers and this has led to some 
confusion as the latter have since been shown by fossil evidence to be 
basal Ordovician 

Gould s final contribution was in 1866 when he recorded the fossils 
which he stated had been identified by Professor McCoy Unfor 
tunately complete lists were not given and Johnston (Iw p 6Z) 
stated that he failed to locate these lists elsewhere in any of our local 
records Gould s list includes the following 

Ortboceratitea 

Lituite* 

Halyutes 

Fsvoutcs 

Raphistoma 

Orthis 
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RhynchonelJa 

EuomphAlaa 

Murchisonia 

Other collections had been submitted by Gould to Profchsor W. J. 
Salter and 21 species were given manuscript names. These were 
included in Bigsby's "Thesaurus Siluricus" and in the Catalogue of 
Australian Fossils by R. Etheridge (1881). They were also listed 
Johnston, who states (1888, p. 62) "we are unable to determine 
to what extent the species still preserved in the Tasmanian Museum 
arc included in the list. ..." 

T. Stephens and R. Etheridge, jun. 

T. Stephens (1874) investigated the Caroline Creek district and 
made a collection which was subsequently described by K. Etheridge, 
jun. (Stephens 1882). At the same time Stephens forwarded to 
Etheridge a small collection of fossils from the Table Cape Con¬ 
glomerates, and these were described in the same report. This paper 
^ Etheridge (1882) contains the original descriptions of many 
Tasmanian Tower Palaeozoic fossils. 

It should be noted that Silurian then included the Ordovician and 
Silurian of modem usage. Although Lapworth proposed the term 
Ordovician in 1879, as a compromise between the views of Murchison 
and Sedgwick, the absence of the term Ordovician, except in the 
table in Johnston’s Geolo^ (1888) indicated that the division was 
not recognised in Tasmania at that lime. The fossils described by 
Etheridge fall into two distinct groups—-(a) from Caroline Creek and 
(b) from Table Cape. It is now known that the Table Cape Con¬ 
glomerates arc of glacial origin and Permian age, so the discovery 
of fossils in includ^ pebbles is of no great assistance in unravelling 
Tasmanian stratigraphy. 

The following arc the determinations:— 

Group <a). 

Conocephalites f Stepkensx 
Dikelocephalus iasmanicHS 
Asaphus (two tpeaes) 

Piychopanaf (three species) 

OphMof 

(For a revision of the above vt Koba^ashi, 193fi) 

Group (b). 

Penfamerus Tasmaniensis (Eth fil.). 

Various Sptrtfers 
Strophomena. 

TeniacuHies. 

These latter determinations indicate that these i)ci)l)les arc derived 
from beds in Ck>uld's "Eldon Group " Etheridge assigned an Upper 
Cambrian age to Group (a) and Upper Silurian age to (iropp (b). 

R. M. Johnston. 

The next writer was R. M. Johnston, in the Systematic Geolo^ 
of Tasmania published in 1888. There we find for the first time in 
Tasmanian geological literature a comprehmsive accotmt of the lower 
palaeozoic rocks. In 1885 Johnston published a short paper which, 
however, has been largely incorporated into his Geology. He mentions 
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the fact that Gould’s specimens were identified ^ McCoy (a fact 
in^catcd bv Gould but without reference to McCoy’s actual report 
on the specimens), and that Gould icgarded these Gordon River 
limestones as at ' the very base of the lower Silunan of Europe, 
inteiior lo the des<.iibed fossiliftiou^ beds of Vatona as well as 
the Calyniene contaming beds of the Eldon Valley ” fhe fossils 
show, however, that the beds are Silurian in age, and not at the base 
of the lower Silunan (=Ordoviaan of modem nomenclature) John¬ 
ston also mentions the earlier determination by Professor Salter in 
1868 of 28 species These are all fossils typical ot the Goidon River 
Limestone suite but the exact locality of the collection does not 
appear to have been recorded, and the list of Saltei s descnption 
copied by Johnston in the paper undci discussion is unaccompanied 
by illustrations Johnston gives hgureh of many of these genera in 
Plates IV, V, and VII of his Geology, but as he docs not ciedit 
Saltci with any of the types theie illustrated it appears as if he 
figured other specimens for this work 

The fossils described by Salter as Stiaparollus and figured by 
Johnston (Geology Plate V) are moie typical of the Junee suite 
(to be described later), but the others are typical Gordon River 
forms Salters collection may thus have come fiom moie than one 
locality 


Table I-^Summabising John stones Ideas as to the Geolocicai Succession 


UPPER 

SILURIAN 

(^Silurian of 
modem usage) 

ELDON 

GROUP 

1 Ingal Slataa 

Eldon Valley Clay Slater and Mud 
aton»« 

Dial Ransi. an 1 N W (oast Con 

glonn.! BtLS 

Quaan River tormatlon 

lower, 

StLURUN 

(la Ordovician 
of modtrn aaaga) 

2 Gordon River Group 

rossiUfatoui limintonea slataa grits 
einglfinicratss and quaitiosc sand 
nes at Point Hibbs 

Franklin Rivtr 

Floj ntir Valley 

I Auriferous SJata Group 

Auriftion fdspar porphyiies Lyia- 
Ington Aurifeiona slates ate 

BaaconbAald Lafioy the Don 

Watarbousi DanJnn Back Cradr 
Gladstone Mathlnna. Haagana 

Mount Victoria. 

CAMBRIAN 

a Prlinordial Cnlelfonnu 
Group 

2 Magog Group 

1 DUidoeiphahis Gioup 

LlmaetoncB of Chudlalgh Edvotr 
Ilfracombe ttc 

bandstonea and alum aebuta of Chud- 
Iclgh (Magog Range rte ) 

Caroline Creek grits and sandstones 


The palaeontological evidence given by Johnston is summarised 
below — 

Caubbian 

Dtkelocephalus Group (The fauna of this group has been reviewed 
in detail by Kobayashi and no useful purpose will be served by listing 
the old names ) 

Maqog Group No fossils were found, but he maintained the rocks 
were closely related to the Dikcloccphalus Group” and may yet prove 
to be the same 
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Prmordial Cvkiftrous Group These rocks had yielded no fossils 
and he expressed doubt as to the position of these Cambrian rocks 
He considered that at Don Chudleigh and Magog Mountain the 
sandstones and limestones are closely in association with the 
Oikelocephalus bearing Carohne Creek Group He notes that Gould 
started with this idea ^t later correlated these limestones with the 
Gordon River limestones Johnston reverts to Gould s original idea 

Lower Silurian (Ordovician) 

Aunferous Slate Group He mentions the Beaconsheld slates and 
gnts with Licrophycus and at Lisle Dxplograptus nodosus (not now 
accepted) and a bed replete with orthis 
Gordon Rtver Group Johnstons rcmaiks (1888 pp 61 63) arc a 
rqietition of his 1885 paper and he adds nothing to the observations 
of Gould McCoy Salter and Etheridge there recorded 

Upper Silurian 

Eldon Group—Queen Rtver Eormaiton 
Johnston identified 

Spmfera enspa (Hcsingci) (sic) 

6 pltcaiella (I iitn) 

Ofihis flabelium 
0 elegantula 

Dial Range and North Wisi Coast CoNtLOMtRATL 

He points out that the fos iK m these were deiived fioin the Queen 
River formation It is n m c nsidcicd thit the Dial Range is c^ptd 
by the West Coast Range Conglomerate vhilc the noith west Coasi 
Conglomerates arc of glacial r ngin and Permian age 

Eldon Valley Ci^y Slaiils and Mudsionls 
Johnston merely repeats Could ^ obscrvaticns f Calymeiie Orthis 
and Cardiola etc 

Fingai. Slates 

The only fossil mentioned is i species dI Inodonta closely 
resenlbling A Jukestt found in (he E)evonian locks of Itclind (p 67) 
(In his comparative table (p 78) he also includes these beds in the 
Upper Devonian and mentions the soft slates Fingil with tnodonta 
Gouldn and undetermined plant impressions and lefeis doubtfully 
to the Devonian a^ of the Eldon Valley mudstrnts The high 
position of Ac Eldon Group and Ae hingrl Slates appears to be 
supported by additional information obtained in recent years ) 

Johnston fibred many )f these fossils which may be assigned to 
horizons in Nye and Blake s 1938 classification as follows — 

Plate 1 Caroline Cietk Senes 
Plate IV Gordon River 1 imestonc Senes 
Plate V Gordon River I imestone and Queen Rivci Slates ana 
Sandstone Senes 

Plates VI and VII Queen Rivei Slates ind Sandstone Senes 
and Discoidal Senes 



JO D L Thomas Lower Patoeoaou Sucteiswn of Tasmama 

R Montgoueky and R Etulridgb, jun 

The next important contribution to the unravelling of the Cambro 
Silunan succession in Tasmama was made in 18% again by R 
Ethendge jun R Montgomery then Government Geologist, collected 
a suite of fossils from Zcehan and Heazlewood Ethendge described 
this compi ehensive collection and very few collections of lower 
Palaeozoic shelly fossils have since been fully descubed from 
Tasmania 

Trilqbita 

Asaphus 

Hausmannxa mertdutnus Fth jun and Mit 
Amphton r brevtspinus Eth jun 
Iliaettus Johnslom Eth jun 

From Despatch Limestouc /cchan 
Cromus Murihtsont Dc Kon 

trom blue grey schistose rock ZLchan and from Heazlewood 

Oastcroioda 

Murchuonta UArch and Dc Vcm 
Lophospira Whitheld 
Raphxsioma Hall 
hunema Montgomerie Eth jun 

Brachiopooa 

Rhyncito eila d cemplxcaia Sowerb> 

R cuneata Dalman 
R capax \ar meridxonah^ 1 th jun 
R borealts Schlotheim 
Stroph mena sp Ralineaquc 
Stropheodonta sp Hall 
Pteropoda 

rentaculUes hchlotheim 

Corals 

havos t grandipora Eth jun 
P/curodtcfyuMif Ooldfuss 

Vlrmes 

Cornul tes fasmameus Eth jun 

These fossils are typical of the rocks above the West Coast katigc 
Conglomerate Senes 

R Etheripge and T Stevens 

The next advance was a description by Robert Lthcndgc of a new 
find of tnlobites by Thomas Stevens from Florentine Valley (Ethendge 
jun 1904) 

He described a new species of tnlobite Dikelocxphalus fiorenttnensu 
Eth jun (now Asaphopsis florenttnensxv (Eth ) see Kobayashi 1936) 
and recorded the form now known as Tasmanocephalus Stephensi 
Ethendge He also figured specimens of Ortkvs lenttcularts Wahlcn 
berg which is typical of these beds These dcscnptions establish the 
close similarity between the Florentine Valley senes and the Caroline 
Creek senes 

W H Tweevetbees and L K Wabd 

In 1900 1901 W H Iwelvetrces contributed a valuable summary 
of our knowledge of Tasmanian Geology the hrst smee Johnstons 
Geology had appeared m the Outhnea of the Geology of Tasmania 
In this work he placed the Caroline Creek sandstones as Cambnan 
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and grouped all the other known lower palaeozoic rocks as Silurian 
At the base of this group he placed the Gordon River Limestones 
which he grouped with the Railton Chudleigh I imcstones etc and 
the Beaconsfield Lefroy Mathinna slates and sandstones All these 
he termed Lower Silunin The balance wcic placed in the upper 
and middle Silurian and included the I yell schists conglomerates, 
etc Dundas and Mt Read slates etc biachiopod sandstones of 
Middlesex Hcazlcwood Queen Rivei and /eehan in that order 
In 1907 1906 Fwelvetrees and Ward inspected a section of country 
over which the Great Western Railway Company was asking for con 
cessions This extended fiom Glenora to the Serpentine and via King 
William Range to Linda thus giving 'in east we<;t section across 
the country occupied by lo\v er palaeozoic i ocks I his section which 
included tnlobite l>eds of the Florentine valley will be dealt 
with later Their ohseivittons howevii icmain is the only detailed 
report on much of the country covered (1 welvctrecs l‘X)8) 

In 1909 Twelvetrees contributed obseivations on the mining fields 
of the north west dealing with the older tocks uf the 1 ower Palaeozoic 
succession and in 1910 in collaboi ation with Ward with the youngei 
rocks of this succession in the Zeehan aiea 
His 1909 papei was written after his discovery of the tnlobitcs 
described by Etheridge (1904) who hid refened them to the Upper 
Cambrian He discussed the relationship between the Caroline Creek 
and Railton limestones regarding the Caroline Cieek sandstones at 
Blenkhom s quarry Railton is passing apparently conformably below 
the Lower Silunan limestone (Ooidon River Senes) He recorded 
i tnlobite fragment from the quany and kaphisioma from Kailton 
township 

Vt Gumi s Plains he desciibed the limestone as lesting on a senes 
of cherty conglomerates breccias tuffs and ch( colate coloured slates 
and described a conglomerate senes fiom the Leven Goigt which he 
difiFerentiated from the West Coast Range Conglomciatc Senes 
He correlated the Leven senes with the conglomerates outciopping 
at Penguin and he considered the conglomerites of Stowport and 
Blythe iron mines to be part of tlie same group He also correlated 
the Gunns plains limestone with that at Mole Creek and assigned 
them both to the Gordon River Senes He recoidcd the occurrence 
of AcHnoceras in the Railton limestones which he correlated with the 
Gordon River Senes on Goulds pilaeontological observations but 
agreed with Gould that it is at the very base of the Lower Silurian 
(le, Ordovician) A useful comparative table of succession is given 
on page 35, and this appears substantially upheld by observations 
to the present date with the exception of the correlation of these 
lintestones with the Gordon River Senes 
Twelvetrees from tune lo time published most useful summaries of 
the stratigraphical Geology of Tasmania bnnging his ideas on the 
succession up to date The last of these was published m 1909 and 
was geMrally accepted until the publication of a summary by P B 
NyeandA N Lewis m 1928 In his 1909 Outlines (p 122) Twelve 
trees stresses with full reasons his view that the West Coast Range 
Conglomerate Senes lies well below the Caroline Creek senes and 
assigns a position low in the Cambrian foi this He recognises that 
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the West Coast Ratage Conglomerate Senes is succeeded first by the 
Tubicolar Sandstones and that rock the Discoidal Sandstone 
The Dundas and Leven slates and breccias or the considerable beds 
round Tim Shea and Mt Mueller towards the south-east are among 
hiB "incertae sedis” Twelvetrees gave an Ordovician age to the 
Gordon River limestones (based on observations at Raiiton) and 
classified all the major beds of lower palaeozoic limestones as of this 
senes Succeeding this he placed the Fingal Mathinna Warrentina 
suite of rocks, also assigmng them an Ordovician age He assigned 
a Middle Silunan age for the Eldon Valley-Queen River-Zedhan- 
Heazlewood limestones and sandstones from which fossils had been 
obtamed, but recorded little in the way of data bearing on the 
succession of different stages or rocks of different localities in this 
group 

blLUBlAN 

Eldon Valley Clay Slates 

Fossiliferous limestone, sandstom and slate at /eehan Heacicwood, 
Queen and Nelson River, etc 
Ordovician 

Slate and Sandstone in the Goldfields of Lefroy, Mt Victoria Mathinna, 
Mangana 

Limestone on the Gordon, Florentine etc, at Railton, Mole Creek, 
Bcaconsfield etc 
Cambrian 

Inccrtac scdis 

Dundas slates and brecaas the Dial Range and Leven slates, etc 
the fclspathic porphynes of Mt 1 yell etc 
Slate* and sandstone at the Needles and near Mts Mueller and 
Wedge 

Dikeloccphalus sandstone at Caroline Creek etc 
Discoidal sandstone, Loddon River and Caroline Creek 
Tubicolar sandstone at Middlesex Five Mile, etc 
Conglomerates of tlie West Coast Range the Thumbs 
Pu Cambrian 

Amphibolites and quartzitic schists etc 
In 1910 a revision of the rocks around Zeehan was made by Twelve- 
trees and Ward Their succession is as follows — 

Silurian 

8 Pale and dark coloured slates and sandstones 
7 Sandstones pebbly grit, and greenish grey slate 
6 Limestone 
5 Shale and slate 
Undetbxminxo (Ordovician >) 

4 Sandstonei and slate of the Nubeena and Queen Hills 
CAMBRO-ORDOfViaAN 

3 Tuffs breccias spilitic lava flows slates and sandstones 
Cambrian 

2 Tubicolar sandstone 
] West Coast Range Conglomerate senes 

The low horizon of the Conglomerate senes was based on the 
assumption that they were identical with the Denison Range Thumbs 
rocks (ic, outcrops near the (Sreat Bend) Their position infenor 
to the Dundas Slates is also not acceptable to later workers 
Their lists of Silurian fossils are interesting and are given below 
Those from the limestones and determined, for the most part at 
least, by R Ethcndge, jun > are — 
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Tiilouta 

Asaphus sp ind Despatch Limestone 

Hausmannia tttertdtaHUs (Eth & Mit ) Despatch Limc>>tr)m 
lthenu\ Joknstont (hth ) Despatch Limestone 
Amphion (?) hnwKpxnus (Eth) Despatch Limcbptonc 

Cephalopoda 

Orr/iorrraf Despatch I imi stone 
Gasteropoda 

Tfochonenia {hunema) montgomenx Despatch and Smelters 
Raphisioma spp Smelters 
Hormotona sp Smelters 

Pelycypoda 

Lepiodomus (?) muciformis (Eth) Despatch 
Palaeonexlo sp Smelters 
Beacriopoda 

Rhynchonella horealxs var nov Smelters 

Veeuu 

Comuhtes Smelters 

Coelenterata 

Favosties (?) Smelters 

The list by W S Dun, from the overlying beds, is largtr — 

Tulobita 

Calymene (close to if not identical with C blumenbachu (Brong) ) 
Crown f murchxsom (de Kon) Mit 
ifausnxannui merxdionalts (Eth & Mit) 

Cephalopoda 
Orthoccras sp 
AcUnoceras sp 

Pteropooa 

Tentacuhtis sp 

Gastropoda 
Murchuoma 
Raphisioma sp 
Lophosptra spp 

Pelycypoda 

TeUtnomya jon ki (Johnston) 

Brachiopoda 

Siropho9fiena sp 
Daimanella sp • 

One of the Mtnstidac 
Camaroioerkw sp 

Pentamerus (Johnston) 

Spxnfera of tin S Jtt/cata group 
Spvnfera of the i xrxUata group 
Strophodonta sp 

Txtmuiospira tasmaxaensis op nov 
RhynikoneUa horcdn var nov 
Retsia (?) 

VntiiFS 

Corntt/ifcr formanirtfr (R Ftli ) 

Annelida (^) (Pipestems) 

Crjnoidea 

Cnnoid ossicles stems etc 

CdBI ENTERATA 

/aphcntroid or Cvathophylloid (casts) 

Halysiies (casts) 

FavosUti (casts) 

Plfurodictyum 
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He j^avc the lange of the vanous forms and concluded they 
indicated i Siluriin age though most probably Io\% for the Zeehan 
rocks 

These lists aic impoitant as very little palaeontological work has 
been earned out on these shelly faunas since this dite so that they 
form the basis of the fiunal lists which have been quoted later 
Tt IS very imhirtunale thit many rf these forms have not been 
described or figured and ill will need levision on modem pilaeonto 
logicil lines The geneial similaiity to the ^ enngiin of Victoin is 
very noticeable so that the beds art higher in the sequence than 
generally accepted 


Second Pfriod 1910 1930 

In the earlier penod stratigraphical and palaeontological investigation 
went hand in hand The results of the studies of the mining fields 
appear for the most part in the Bulletins of the Geological Survey 
which commence in the )car 1907 In the cailiest of these attention 
IS paid to palaeontological idtntificatif ns but ifter 1910 attention 
was cm cnti tc 1 on niin ng problems rather than stratigraphic ones 
It IS not intended to refer to all these reports but only to those that 
first advance new ideas 

I K Ward in 1911 contributed a description of another group 
ot lower palaeozoic rocks which he called The Balfoui Slates and 
Sandstones and to which he assigned a Cambio Ordovician age 
based on the fact that they are penetrated by basic dyl es (at that 
time provisionally considered to be Cambro Ordovician) Associated 
with the Balfour Slates and Sandstone senes are conglomerates and 
some limestone both of unidentified age 
The next impoitant contnhution was made by Loftus Hills m 1914 
Hills working in the Jukes Darwin Kange subdivided the West Coast 
Range Conglomerate Senes into i lowci brecciated conglomciate and 
an upper oi noimal conglomerate He considered that the lower 
brecciated conglomerit< eonUinc 1 fiaginents of the porphyroid igneous 
suite at that lime lliought to be Cambro Ordc viciaii and considered 
that the breccia cf nglomeratts rested iincc nformably on the upturned 
edges of the porphyroids He legarded Ihc two stages of the senes 
as conformabk ind recorded Silurian sediments identified bv their 
fossil contents n loth sides of Iht Knnge (as is the cisc further 
north) He Ihtn (p *>9) advanced rc&sonb for placing the whole 
West Coast T ang ( nglomciatc Seiics between the porphjroids 
and the Gord n River I imtstcin Sen s discussing and rejecting a 
numliei of fther j ossibihties Hills tl en ga\e a pre Silurian to 
the West Coast Range Conglomerate Scries the deposition of which 
was preceded by i main pen 1 of diaslrophism Similar featuics 
and lehtionship of the West Coast Conglomerate Senes at Mt 
Muichison weie later rtconled 1> the sinic writer (Hills 191‘5) 

The Dundas Slate Scries was dc'^cribed by Hartwell Condor (1918) 
who icgnidcd them as (imoro Ordovician on the slender evidence 
of the graptohu thecie (lecordcd by T S Hall in 1902) found in 
rocks of this senes (ii the North West Dundis tram line 
The Dun las Slates and West Coast Range Conglomerate Senes as 
developed in the noiih west (south and west of Sheffield and Wilmot) 
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were dcbcnbed by Macintosh Reid (1919) who established an un 
conformity here between the Dund^ Slates and the West Least 
Range Conglomerate Senes and indicated that the latter ire suhsi 
qtient to the porphyioid group of igneous rocks Some Silurian 
tnlobites Rhynchonella and Orth\s were identified fiom clayey sind 
stone assoented with limestones it Bell Mount indiciting m ige 
later than the 1 ubicolar Sandstones 

In 1919 F Chapmm described a new coral Teiradtum tasman^iense 
Chapman from the Limestone on Smelters Road 7echan This is 
the Despatch limestone of Montgomery and Etheridge Chipmm 
assigns an upper Ordovician or basal Siluiiin age foi this fossil nod 
it 19 also interesting to note that he calls this Zeehan limestone 
Grordon River limestone 

The next general summary was published by I oftiis Hills in 1921 
Except for a few paragraphs on the position of the West Coist Range 
Conglomerate senes this summary adds nothing milcri d to the 
accounts above abstracted 

P B Nye (1923) desciibcd the Dundas Sents md the Rischoft 
Slate md Sandstone senes (correlated with the Pal four Senes) is 
occurring round Mt Bischoff Both Nye and Hills thr w giavc 
doubt on the i^ detcrmiintion of the Dundis Senes is Insed on 
Halls graptohlcs but induite that it lies quite definitely 1 l\iecn 
the schists assigned to i pre Cimbriin ige and tlu West C 1st Kinge 
Conglomerate Senes assigned to i Silunan -ige with marked un 
confoimities mill ing botli extiemitics Nve plices the Bischoff Senes 
as younger than the Dundas Senes and assigns to it an Ordov enn ige 
Silunan strata similar to those at Zeehan etc with fossils typical 
of these rocks as developed elsewhere ire dso recorded 

This iccount wis supplemented ind confirmed by McIntosh Reid in 
1923 who gives 1 further account of the Dundas Shtes iiid Bischoff 
senes The latter are stated to be sep-iratcd from the former (earhti) 
senes by an unconformity 

The extensive tract of old ricks in the south we t of the State 
was also not neglected McIntosh Reid dcscnled these luir Adams 
field (Reid 1921) and in 1923 A N lewis desc iScd th country 
around Mt Anne Neither author dcsciihtd fossils \y which the 
Ige of the locks could be determined 

In 1924 appeared the next contribution of mijoi imp i lance to 
the unnvelhng of the Cambio Silunan succession piollem This was 
a tentative opinion liy McIntosh Reid that pci hips the R niton Don 
limestones were not properly assigned to the SiKrun Cordon River 
Limestone Senes reverting to Goulds fiist opinion in I Johnstons 
view In this he was not influenced by the discrveiy of fossils but 
of a dyke belonging to the porphyroid senes winch cut limestones 
ncai the Palooni Pumping Station At this time these igneous rocks 
were supposed to be older than the West Coast Range conglomerates 
As they intrude the limestones here these must be older th m the 
typical Gordon River limestones which overlie the Conglomerates 
He discussed the age of tht limestones at some length (pp 22 26) 
and advanced the opinion that they are of Ordovician age thus 
separating them from those near Zeehan He also coi related the 
conglomerates of the Meisey valley with the West C asl Rniig Cm 
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[lomcrates (thus diffcntig from the views expressed by Twelvetrees 
,909) although he was correct in coinpaTing them with Johnstons 


Senes 

In 1925 Reid identihed the Lischoif Senes in the Dundas distnct 
but now advanced the view that it was older than the Dundas Slates, 


thus reversing the succession as propounded by Nyc 

In 1925 F Giapman desenbed (^) Hurdui davidt found by Sir 
Edgeworth David on the Fmu Bay Railway four miles south of 
Hatfield Plains On this slender evidence he assigns to these rocks 
a Middle Cambnan age 

In 1928 he desenbed some well preserved annelid trails as a new 
genus and species Tasmanadxa twelvetrecsx to which he gave a Cam 
bnan age 

In 1928 there appeared a general summary of Tasmanian Geology 
by P B Nye ind \ N Lewis This gives the views then generally 
held as to the succession which is summansed in the following 
table — 


Middle Siluetan 

Qucfn River Siates and Sandstonet 

At Zethan valley of Queen River HearKwood and Middlesex Flaini 
Cordon Ftver Limestones 

I ower Gordon River Chudleigh Mole Creek Ulverstonc Railton 

Florentine River Junec and Ida Ba\ 

Tubicolar Sandstone or Quarittte Senes 

lies betw cn the overlying limestones ani imderUing sandstones 
IVett Coast Ra ge Conglomerate Seres 

These form tl l base f the Silurian Rock« 

Camiio Oedovician 
Diastropkic P nod 

(a) Porphvroid igneous complex 

(b) Rea 1 Rosebery schists 

(c) Dundas Slates 

(d) Mathinns slates and sandstones 

(c) Balfour slates and sandstones 

Cav«tan 

(a) D kcl cephalus sandston s of Carolme Creek 

(b) Dik locephalus sandstones of the Florentine Valley 

(c) Slates of Hatfield Plains 

Nye and I ewis present seven! lists of fossils (unfortunately with 
some t)rpoj,rHphic'iI errors) As the exact localities are not given 
and as miny of the forms have not been illustrated it is difficult to 
comment on ihtsc IisIn Some of the forms however eg P/euro- 
{hct\xim would inrl e itc a higher hon/oii than the authors would give 
their Silurnn beds which thus miy extend into the Lower Devonian 
“ind would be compaiable with the liniigian of Victoria 

No fossils arc recorded frtm the Tubicolar ^ndstone or the 
underlying Conglomerates 

It IS pointed out thit stvcnl groups of rocks included m the 
Cambro Ordovicnn have yielded no fossils and so cinnot be coirelited 
with e-ith fthei The limestones at Railton however are correlated 
with the T^npintine as they contain AcHnocerat cf laiei and Trocho 
ceras 

No new records for the Cambnan arc given but they state that 
Dr F Whitehouse wis examining the fossils 'ind Ind suggested thgt 
Tstnama was present 
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P B Nyc piibli«ihed i most important Lontiibution to the Palatozoii 
problem m 1929, when describing Adamsfield Prior lo this account 
with the exception of the bncf leferenccs by Twclvetiees in 1908, no 
important discoveries of the Silunin senes, other than some doubtful 
references to the West Coast Rniigc Conglomerate Senes along the 
North-West Coast had been made east of the great pre Cambrian axis 
which runs northwards from Port Dave> past Picnchman's Cap to 
Cradle Mountain Nyt considered that considerable occurrences of 
the tiordon River Quten Rivei Senes occur at Adamsheld 

The basis of Nye s c»)rrclaUon is the identity of the conglomerates 
of the Thumbs Saw Hack Range, with a second parallel iidge to the 
west These he assigns to the West Coast Conglomeiate Senes 
Doubt was cast on this con elation by Lewis (1940), and fossil 
evidence obtained it Adamsheld by Thomas (1943) showed that the 
limestones were basal Ordovician in age They are thus the repetition 
to the west ot the Tunce and I lorentme beds with their Tarmanocc 
phalus fauna 

It should be noted that N\es fossil colleelums fium Adams 
field have not yet been described (Nye personal communication) \ 
task winch should shed much light on the Ordovician suetcssion 


Third Period 1930 Onwards 

This penod was initiated by the structural woik of the Tisminian 
Geological Survey m the noith and west of the State and by the 
work of A N I twis in the south The palaeontological woik is b) 
workeis outside Tasmania md marks the beginning of modem 
palaeontological rcscaich m that State 

1932 Su I W T dgeworth David gave a useful summary of his 
ideas is to the sequence which is as follows — 

Sif URrAN 

Yenngian 

7e«han sandstoms 

Velhoiirnian 

Gordon liniLSloiies 
Despatch lim(stjncs 
I inustnn rf I>ell and Ztthin 
InbKolir snndstones 

Wist C'j'isi Kingi Onglomcntfs , 

OunON ICIAN 

Dnnd IS Sirrs witli C ill <jraf*tui sp 

limestones f Blonl liorn s Oinria with hrge Ccphiloinlo 
CwBRO Oriomitsn 

Dnndas Sintis wiili Hiirln f|Ossiblv Middl rambrian) 

Cambrian 

Upper (Tremadoenn ) 

Caroline Seiics with Asaphillus Tsinania Crepicophalus clc 
K J 1 uiucane (1932) distinguished a Rosebery or Pre Diindis 
Senes, which underlies the Dundas Scries and showed th it the 
porphyries as well as some basic rocks were intiusive into llu I ower 
Palaeozoic sediments 

In 1934, in the Bulletin on the Smithton Aren (Nye Finiicane and 
Blake) a group of slates that was correlated with the Dundas Sines 
W^s deacnlied \1 nr this is the Dolomite, and beneath it the 
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Chert Stage. ISeneath i\\e latter ss a coDStderable thickneas of beds 
divided into — 

2. Grey Green Quartzite Stage, 

1. White Quartzite Stage. 

No fossils were found, but the beds are considered to be confonnablef 
although there may be an unconformity between the Quartzite Stages. 
The sequence is interesting, as it shows for the first time a downward 
succession to l)eds formerly correlated with the Proterozoic period. 

In 1936 T. Kohayashi, in reviewing the fossils from the Mer^ 
River district, proposed the new genus Tasmanoeephahis, and main¬ 
tained that the beds were Ordovician in age. 

In the same year, Dr. I. Cookson described the fossil plants found 
by F. Blake at Warrentina, and compared them with Hostimella and 
licdeia, and inferred that the beds were Upper Silurian or Devonian 
in age. 

The most recent summary of Tasmanian Geology, and the most 
complete that has been published since Johnston’s Geology, « that 
by Nye and Blake (Geological Survey Bulletin No. 44, 193H). They 
subdivide the Lower Palaeozoic rocks as follows:— 

.Silurian 

VI Queen River Slate and Sandstone Series 
V Gonlon River Limestone Series 
TV Discoidal Series 
TTI Quarl/itc Series. 

If Pipe Stem or Tubicotar Scries 
T West Coast Rnnpc Conglomerate Series 

OaDovicrAN. 

Dimdas Slate Scries 
C AMTmo'OKnoviaAN. 

Balfour Senes Slates, Quartzites and Conglornerate (but r Silitiian) 
MatUmna Slates and Sandstones (but ^ Silurian) 

Rosebery Senes 
Sistcis Hill Sliics 
Farrell Slates 

Cambrian 

IV Caroline Creek Sandstone Series 
III Florentine Valley Slate Series. 

IT Hatfield Plains Slate Series. 

I Arthur River Slate Series. 

They discuss the relationship of the various rock groups, bring the 
lists of fossils up to date and mention unpublished identifications 
by R. Etherid^ and F. Chapman. From these lists (which unfor¬ 
tunately contain many typogr-iphical errors) it can he seen that 
descriptions of many of the gnteta and species have not been published 
for Tasmania. For full details, which will not be given here, the 
above publication should be consulted. 

A. N. Lewis in 1940 described in some detail the geology of the 
Tycnna Valley. This is a contribution of great importance, as the 
collections he made were sent to T, Kobayashi, who described the 
fossils and established their Lower Ordovician age. They were also 
examined by Dr. Whitchousc, who also assigned th™ a low Onlovician 
a^e (p. 48). Lewis propos^ the Junee Series for these rocks, and 
hiS sequence for these rocks is as follows:— 
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3.JUMEE &3UES. 

iii Blue Juuec Limestone. 

ii Yellow tniidsiunc contuining tnlobitrs and otlicr {ossils of Lower 
Ordoyteian age. 

1 Quartzites with congtoRirratcs and breccias intcrbcddc<t 
2. PROOABLK UNCONPORMITY 

1. Grbv Slates Pbobaiilv Referable to the Dundas Sbbibs 
He also cast doubt on Nyc"s a^e determinations at Adamsficid and 
sunested that the rocks there are part of the Junee Series, 

1940. T. Kohayashi described collections sent liim from Caroline 
Creek and Junee A. N. Lewis. From Caroline Creek he listed two 
genera of brachopods, two of gastropods and five genera of trilobites— 

Euomphakd 
Cryptoiiies sp. 

Tasmamocephalus sUphensi (Etheridge) 

Asaphms sp. 

^Asaphtilus** leufist Kobayaaht 
Ethrridgasptf rarolin^nsit (Etheridge) 

E jokn^toni (Eth.) 

Caroliniicj buiboxa (Kob) 

C <iundrata (Kob ) 
r (?) ^ lasittafiicus (Eth.). 

Proxopireux subtfiiadrafa (Kob) 

From Junee he lists— 

Orusia (?) sp. 

.9ifitto^ra (>) sp 
Ronbidonxia (?) 

Lceanospira tnrfttancftsU Kohayashi 
Asaphopsis inneensis Kob 
A (?) Kob. 

Tasmattajptx Icuixi Kob 
T longus Kob 

He concluded that the faunas of Caroline Creek. Junee and Tim 
Shea are all I-t)wer Ordovician, with the Caroline Creek beds slightly 
the oldest (in his paper in the Japanese Journal of Geography and 
Geology, \940) , 

In 1941, Hill and Edwards identified the following fossils from 
Queenstown— 

Alveolites sp 

Protarea cf. ruhmondenxU 
Acidolites sp. 

Ti'tradium taxxnanknsc Clnp 
AcmxtholUes sp 

and suggested that the beds were Upper Ordovician or Lenver Silurian. 
The fossils referred to above had been previously commcnlcd on by 
R. B. Withers (Edwards 1939). 

In 1942, D. Hill described some Tasmanian Palaeozoic Corals, and 
in the foIIo^Ying year repeated her views in her paper, "A Re- 
Interpretation of the Australian Palaeozoic Record, based on a Study 
of the Rugose Corals.*’ 

Her age determinations for Tasmania are briefly as follows;— 
Upper Ordovician or ? Silurian. 

Chudleigh Limestone, Licna, Mersey Valley, with FflwrfeWa, 
^rinoids and fahulale corals^ 
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Grey Limestone at head of Neism River, mth one tabulate form. 
Old Queenstown Flux Quarry with Tetradium. 

Limestone on Smelters Road, Zeehan, with TsiraJium, 

Silurian, Upper Wrnlock and Possibly Lower Lx^dlowi 
Limestone of the Gordon River with two species of Ragosa^ 

SiLirRiAN and/or Devonian. 

Point Hibbs, with Hclinphyllum f ehittogosHse and Fc/vontss 
. f bryani 

Ludlovian or Probably Lower Devonian. 

Zechan, with Pleurodictyum msgasiomum, 

D. K. Thomas and Q. J. Henderson in 1945 described hydroids and 
dendroids and recorded fragments of trilobites from the Dundas 
slates. The following forms were identified:— 

Archoeocryptolaria xkeatsi Chapman. 

Mafiigogfoptut sp 

Cactograptus flcxisfinosus Chapman and Thomai. 

Protohalecmm hallxanum C and T. 

^henoecium filicoides (Chap.) 

\phenoecium 
f ProiistogroptHS 

From the similarity of these forms to those found in Victoria in 
undoubted Middle (jambrian rocks the authors conclude that the 
Dundas Series must be of Cambrian age. 

In the same year Thomas reviewed the evidence for the occurrence 
of graptolites in Tasmania, and came to the conclusion that none of 
the records can be substantiated, and that T. S. Hairs record from 
Dundas falls in line with the determinations of dendroids as listed 
above. 


The Porphyroid Suite of Igneous Rocb 

These are a suite of plutonic, hjrpabyssal and, according to some 
of the workers, even volcanic rocks. As a group they are important 
in the mining fields in the western part of the island. Many opinions 
as to the age of these rocks have been expressed, based mainly on 
their general relationship to the sedimentary rocks, L. Hills, in 1914, 
as a result of observations south of Linda, and a review of the 
i<leas of earlier workers, stated that they had been consolidated, 
weathered and subjected to diastrophic movements prior to the 
deposition of the West Coast Range Conglomerate Scries, and so 
were assigned an Ordovician age. Several other workers, assuming 
the Ordovician age as proved, have used this igneous suite as a 
basis for the correlation of some of the sedimentary series. 

Work by K. J. Finucane in the Rosebery district (1932) and by 
P. B. Nye, F. Blake and Q. J. Henderson in the Lycll area is 
indicated in Bulletin No. 44, 1938, pp. 36, 41, 42. (Details of this 
are not ptibli.shed but are in the mss. reports by these authors.) 
They maintain that these igneous rocks are intrusive Into the Silurian 
and that the schistosity was due to the same diastrophic movements 
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tb^t folded theft older rocks (see also H. J. C Qinolly 1940. who 
holds simibr views). Thus the schists of Lyell, the Qusen River» 
and Resd-Rosebery, the "'porphyroid igneous complex’* and the felsites 
and keratophyres so important in the mining fields and so fully dis¬ 
cussed in many of the Survey Bulletins, become the minor intrusions 
associated with the granitic intrusions of post-Devonian times. 

The evidence of contemporaneous volcanic activity in the Dundas 
Slates has never been doubted, and there is a possibility that this 
igneous activity has not been differentiated from the younger in all 
cases. 

Ail the age correlations based on these igneous rocks should thuh 
be considered very doubtful, and have not been considered in the 
present discussion. 

Discussion of tho Lowor Palaaoioie Succession 

Th£ Upper Beds 

The Sii,urian-Devonian Fossxliferous Bed^. 

A convenient startinj^ point for a discussion on the lower palaeozoic 
Succession in Tasmania is the limestone in which Gould found his 
type fossils, and which is well developed round Macquarie Haibour 
and Zechan. This is distinguishable by certain clearly recognisable 
fossils indicating an age cither Silurian or early Devonian. 

These fossils are found in great quantities in certain layers of blue 
limestone and white sandstone occurring principally to the west of the 
West O^st Range. The typical limestones are at the mouth of the 
Gordon and Fra^lin Rivers, and have been called the Gordon River 
Limestone Series, which is clearly identifiable from the fossil assem¬ 
blage. From these localities on the Gordon, beds containing similar 
fossils and clearlv referable to the same series occur, with some 
breaks, northward to Zeehan, and with some isolated occurrences 
at Hoizlewood and Eldon Valley. 

They are particularly well developed between Queenstown and 
Strahim (Queen ^ver area) and at Zeehan. In the latter areas, beds 
of limestone are interbedded with thick sandstones, grading sometimes 
into quartzites, and with thinner beds of ffrey slate. In the Queens¬ 
town and Strahan areas they are intruded by basic and acid rock^ the 
"poiphyroids,” now themselves in places metamorphosed into schists. 

At both Zeehan and Queenstown the limestone beds are interbedded 
with the sandstones, which in places are also very fossiliferous. It 
wu from such beds that Montgomery and Twelvetrees collected the 
fossils alr^y referred to (Etheridge 1896, Chapman 1919). 

The succesrion is not known in detail, but it appears that the blue 
limestones are developed as lenses, and although the same general 
suite of fossils characterises these rocks, until detailed modem 
palaeontological research is carried out it is difficult to determine their 
exact horizons. This series includes Johnston’s Lower Silurian and 
Uf^r Silurian (Johnston 1888, p. 54) subdivided by Twelvetrees into 
the Diacoiihl Mrtes, the Gordon River Limestone Series and the 
Queen River Slate and Sandstone Series, and which are more fully 
described later authors (Nye and Blake 1938). The Gordon River 
Hmestones are well developed in the localities on the Gordon, but at 
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Zeehtn they ^>pear to be lenses in the sandstone, slates and quartzites 
which may be the Queen River Slate and Sandstone Series. 

It appears, therefore, that in some areas the series contains a very 
thick development of limestone, but in other areas the limestones 
are thin or abs<mt. The whde series, thus, consists of rapid alterna¬ 
tions of luncstonc, sandstones and slates. 

The following, from the general similarities of their fosrils, can be 
conaidered as Monging to one series:—Blue limestones of the lower 
Genrdon Valley (Gould 1860, 18^) (but not those of the Great B<«d 
of the Gordon) ; the rocks showing the fossil suite referred to, which 
lie between the Gordon River and Strahan and thence to Queenstdwn 
and the valley of the Queen River and extending west of the moun¬ 
tains (i.e., over the Henty peneplain) to Zeehan; the rocks at Zeehan 
(Etheridge 1896, Twelvetrecs and Ward 1910, Chapman 1919); the 
rocks at Hcazlewood (Etheridge 1896) and Middlesex (Reid 1919) 
and Gould’s ’'Calymene" beds of the Eldon Valley. 

WssT Coast Range Congloicerate Series. 

These have been divided into three amformable lithological groups: 

3. Tubicolar Sandstone. 

2. Normal Conglomerate. 

1. Lower Brecciated Conglomerate. 

(Further subdivisiems, however, have been proposed in unpublished 
work by ConoUy, sec Edwards 1943.) 

Althou^ forming an easily identifiable lithological group, the age 
determinations given this group have ranged from Lower Cambrian 
to Upper Silurian. 

The type locality is that part of the West Coast Range from Mt. 
Murchison to Mt. Sorell. Here there appears to be little doubt 
as to the horizon and relationship of the series, but there is a possi¬ 
bility that beds of conglomerates of the same general appearance 
exist in many parts of the State at a different geological horizon, and 
confusion Ium arisen from this factor. 

The assignment of the West Coast Conglomerate Series to a 
position unconformably overlying the rocks containing asaphid trilo- 
bites (Lower Ordovician^ and conformably underlying the rocks 
containing i^iacopid trilobites (Silurian) is the most reasonable, and 
has been adopted by Nye and Blake (1938, p. 37), who stated that 
this series "unconformably overlies the Dundas and other Cambro- 
Ordovician series and underlies the fossiliferous Silurian rocks,” 
This stratigraiducal horizon was suggested by G. A. Waller in 1903 
and definitely assigned to it by Loftus Hills in 1914. 

Owing to the absence of fossils, the exact age of this group cannot 
be determined. If some of the limestones (D. Hill 1943) to the 
west of the West Coast Range, and if the King River Scries (Nye, 
Blake and Henderson (manuscript report 1934) are Upper Ordovi¬ 
cian, the age can be fixe^ within narrow limits, and can be pemsidered 
broadly as Silurian. 

The beds succeeding the conglomerates or into which th^ pass 
laterally are the Tubicolar Sandstones. Previous opinion assigns an 
annelid origin to the tubes that characterise these b^s (Twelvetrecs 
and Ward 1910, pp. ,28-30), but these are of no aid in age deter- 
mmatioDs. 
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Reid (1919) records dielly fossils typical of the Gordon Zeehan 
rocks from beds at Bell Mount (in the Middlesex area) which succeed 
the TuUcoIar Sandstone stan. No detailed account of the succession 
is giyeOf and L. Hills (19f4» p. 54) is equally indefinite in regard 
to the upward succession at Jukes’Darwin and Crotty. Twelvetrees 
and Ward have described the series occurring round Zeehan, but do 
not record any section which shows a continuous succession (Twelve- 
trees and Ward 1910, pp. 33-39). L. Hills (1921, p. 121) maintained 
that the (jordon-Zedun series succeeded the Tubicolar sandstone 
oonformaUv, and Nye and Blake (1938, p. 38) also hold this view. 

Publidicd records of the actual contact of the conglomerates with 
the underlying beds are few, but all observers agree that it is an 
uBConfomu^. 

Lw Hills (1914) stated that these rocks rested unconformaUy on 
volcanic ro^ which must have been extruded subsequently to the 
formation of the Dundas Slates. With the identification at Junee- 
The Needles-Tim Shea of beds of conglomerate not easily distinguish¬ 
able from this series, but overlain by limestones and sandstones 
bearing asaphid trilobites of Lower Ordovician Age, and the removal 
of HiUs' bc^s of classification by the discovery of a later age and 
intrusive nature for the igneous rocks, doubt anscs as to whe&er all 
the conglomerates called the West Co^t Range Conglomerates Series 
are correctly correlated. 

Thus Twelvetrees considered that the conglomerate occurring on 
the Thtunbs-Denison Range dipped under the limestone of the Floren¬ 
tine Valley. (Twelvetrees, 1908, vide Section 3-4.) As he considered 
that the limestone was of Ordovician age, he assigned a Cambnan 
age to the conglomerates. Later the Florentine limestone was identi¬ 
fied with the Gordon River limestone series an<l the conglomerates 
with the West Coast Range conglomerate series (Twelvetrees and 
Ward 1910, pp. 33-34; Nye 1929, pp. 11-12). 

A. N. Levris (1938) expressed aoubt that this wide correlation of 
the conglomerates at Adamsfield with the West Coast Range con- 
glconcrate was justified, and that the sequence at that place would be 
correlated with the Junee Series and the lower Conglomerate, This 
view has been proved correct by further work in this area (Thomas, 
Thomas and Henderson, 1945). 

McIntosh Reid (1919) based his correlations of the conglomerate 
of Blade Bluff, Mt. Rowland and the Middlesex area on the relation¬ 
ship of the igneous rocks as stated by L. HiUs in the Jukes-Darwin 
area. Reid's description however indicates that the West Coast Range 
Conglomerate Series is present in the Shcffield-Middlesex area. 

Tub Mathinna Slates. 

Some brief reference must be made to the rocks that outcrop around 
the Ben Lomond Plateau m the north-east of the State. These have 
usually been induded in the Cambro-Ordovician, but have yielded 
vary few fosrils, and being to some extent isolated from the other 
rocks their stratigraphic correlation is in some measure of doubt. 

A fairly well recognised and consistent series has been identified 
and named the Maminna Slates (Twelvetrees 1911, 1916). Nye 
(1923) suggested a correlation with the Balfour and Bischoff Slates 
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and Sandstooca and an Ordovician age, bat gave no foaail evidence. 
Mclntoah Reid (1925) suggested a correlation with the Dondas Slates 
and a similar age. 

The most recent contribution to the age of these rocka is that of 
Dr. I. Cocdcaon (1936). In 1934, F. Blue found some foanl phuts 
at Warrentina, and this discovery led to the wper by Dr. Cookson. 
She compares the forms with HoshmeUa and with Hedeio, both of 
which occur m Victoria in beds of Upper Silurian and Lower 
Devonian age. 

Plant remains have also been found on the main road from Laun¬ 
ceston to Scottsdale, near Springfield (Thomas 1943), thus indicating 
that beds high in the Silurian or of Lower Devonian age are wide¬ 
spread in N.E. Tasmania. There is a strong possibility that rocks 
of a similar age are to be found much further to the south in the 
Fingal area, as Johnston records (1888, p. 59) "Anodonta Gouldk and 
Undetermined Plant Impressions” whi^ madie him mclude these beda 
in the Uf^r Devonian. At the same time it should be noted that he 
also included die Fmgal Slates in the Upper Silurian (idem. p. 67^. 
“No fossils have as yet been discovered, if we may except certam 
slates which are stqiposed to succeed them, from which me writer 
obtained a single speaes of Anodonta, closely resembling A. Jukesk, 
found in the Devonian rocks of Ireland.” 

Whether rocks of the same age extend to Lirie is not known. 
Thureau's “Diplograptus nodusus” was not accepted by T. S. Hall 
(1902), but Johnston found a sandstone which was replete with casts 
of a small species of Orthts, together with cnnoidal stems. Further 
collections are necessary before the horizon of these beds can be 
detemined. 

The rodcs of Beaconsfield may not belmig to this group, although 
it appears reasonable to correlate the west Tamar rocks with those 
of Ae Lisle, Lefroy and Warrentina to the east of the Tamar. On 
the other hand, there has always been an assumption that the Beacons- 
field limestones were to be correlated with those of Chudleigh and 
Mole Creek. 

According to Nye (1928) cimglomerates rest unconformaUy at 
Frankford, on the western side o'f the Tamar River, on older sdnists. 
"The conjj^omerates pass upwards conformably to sandstones, slates 
and the Umestone of the Flowery Gully district. This series, many 
thousands of feet in thickness, should underlie the Mathinna Series...” 
This may be the clue to the relationship of the Silurian to the Ordo- 
viaan in this part of the State. 

The Ordovician Rocks 

The extensive and economically important beds of massive limestone 
which occur in the Don-Melrose-Railton area, at Marrawa and at 
Gunn's Plains, Mole Creek and Chudleigh; at the Florentine Rhrer, 
Junee and the Gnat Bend of the Gordon: at the Weld River and at 
Ida Bay and New River are here referred to the same general horison. 

The Railton Melrose area has been tnajmed by Reid (1924). In 
discussing the age of these beds (1924, pp. 25-26), he recorded Ordo- 
viaan fossils in the limestone and Silurian in the sandstone, althoi^ 
these were supposed to be interbedded, and he placed the Caroline 
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CMMlt Mttdnwnei in the Cunbrian and tte Raillon Umeatonea aa aitc* 
ceadiiif dieae and of Ordovkiaa a^ (The CaraUne Creek aiuil- 
aaoDea are now referred to the Ordoviciui, Koliayaahi 1936). 

At Caroline Creek (Haine'a brick works) the sandstones, nddcb 
yidd TasmoHocfphalus, are faulted against Permian rocks to the 
eastward, but daewhcre are covered by Pleistocene gravela, so Uiat 
their relationship with the limestone is not observable. At Kailton 
the succesrion appears to be in ascending order, conglomerate, Caroline 
Ooek sandstone, and limestone observable at Blenidiora’s Quany. 
Twe^trees records collecting “Ptychopario tttphnuf’ (now Toi- 
mm octphahu otephtnti) at Blenldiom’s Quarry, from sandstones 
paasitig conformably below the limestone (Twelvetrees 1909, p. 8). 
lie alw records yeUowish slates and sandstones in the Railton town¬ 
ship, in which inqMressions of Raphistoma were found. These sand¬ 
stones underlie the limestone of the Goliath Cement Comparer quarry 
and the limestones outcrop agam in the valley of the Don on the 
Melrose railway, half a mile north of the quarries. 

A. N. Lewis (1940) described the Junce senes and correlated this 
with the rocks at Railton and Melrose. He maintained that the two 
corresponded sufficiently closely to justify their being group^ as one 
series which he named the Junee series This cxtei^s to Tim Shea, 
where T. Stephens had discovered asaphid trilobites, and thence 
through to the Florentine and to the Great Bend of the Gordon. It 
also extends south of Mt. Mueller to the limestones at the head of 
the Weld. These limestones are interbedded with sandstones in which 
certain bands contain trilobites and other shelly fossils. 

Limestones of the same age group include the beds at Gunn’s Plains 
and Leven Valley (Twelvetrees 1909), and probably those under 
Quambw Bluff (Reid 1924). 

On the information at present available it is impossible to definitely 
asrign the beds at Mole Creek, Chudleigh, at Hastmgs, Ida Bay and at 
New River to this series, but ui all probability they should be mcluded 
in this jmup. The limestone at Beaconsfield (Ilfracombe) is still 
more difficult to place. 

All these limestones are the "Primordial Calciferous Group" of 
R M. Jduiston (1888, p. 39-41). This group starts with con- 
gkxnerates, which may be taken to mark the base of the Ordovician 
rocks. Both the cMflomerates of this lower aeries and the West 
Coast Conglmnente series were effected by the (?) cpi-Devonian 
diastro|ihism, and the tadc of distinguishing between m Influence of 
this younger and of the older one affecting only the lower groups has 
notyet b^ undertaken in the field. 

Tnidi beds of quartzite and conglomerates are to be found every 
where that the Melrose-Junee series outcrops. Gould and Johaaton 
reet^niaed this cotudomerate series in the Mersey Valley, sm John¬ 
ston named it the '^agog Grotqi," from the mountain of that name 
which is eon m osed of this series. Later Twelvetrees identified the 
aeries on the Needles, and Lewis (1940) stated that it also caps Hm 
Shea, alflionih Twelvetrees assigm the conglomeratea there to a 
Pcrmo-Caibooiferous age. The conglomerates should thus on the 
grounds of priority in nomenclature be named the Magog Con- 
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Gould (1861) ccmsidercd they succeeded the Melrose Lunestonei 
and Johnston (1888 pp 38 39) held a sumlar view of their relation 
ship to the limestone at Chudleigh Later investigations however, 
reversed this order of succession Thus Twelvetrecs (1909 p 9) 
identified this group at Gunn s Plains and in the Leven ^ver Valley 
He distinguished these conglomerates from the West Coast Range 
Conglomerates 'ind he also included in his Magog Group the Con 

S lomcrate at J cnguin (Neptune Mine) Stowpoit the Blythe Iron 
lines and Lmu River and lists sections where they pass under the 
succeeding limestone 

McIntosh Reid (1924 p 27) however correlated with some doubt 
the Magog Conglomerates with the West Coast Range Conglomerates 
mainly on the identification of Khynchonella in the overlying Tubi 
colar sandstones on the cast of Badger Range and at Dtnny Gorge, 
Paloona Hill and Moini but diffcrentnted a lower conglomerate at 
Bott Ooigc Rcul (1921 p 17) also calls atleiitiou to the possibility 
that conglomet ates of this senes in the valleys of the Goidon and 
Florentine nvers (i e Denison Range Thumbs Tim She-i Needles) 
have been confused with the West Coast Range Conglomerate Senes 
He had investigated the latter area m the course of his work on 
Osmindium m Tasmania and the view thus briefly expressed corres 
ponds with that A N Lewis (1938) and of myself and Q J 
Hcndeison (1943) 

It IS probable that the conglomerates of the Magog Group vary 
rapidly both laterally and vertically into sandstones and quartzites 
Without fossil evidence it thus becomes very difficult to separate 
these beds from lithologically similar ones occurnng above the West 
Coast Range Conglomerates 

Along the North Coast particularly at Ulverstonc and Goat Island, 
and just west of Bumic there arc conglomerates and quartzites fre 
qucntly highly contorted and often schistose in structure which have 
been assigned to a pre Cambrian age (Stephens 1874) on very little 
evidence as similar rocks have been desenbed in detail for the 
Smithton area (Nye Finucanc and Blake 1934) who nuintain that 
they lie probably conformably below the Slate group 
A N Lewis (1923 1938) has also described quartzites in the south 
west of the State and at Mt Anne he shows that they overlie slates 
which he referred to the Dundas Senes 
Lithological characters are thus of very little use m determming 
the age of these sandstones and quartzites 

The Cambeian (or Lowfr Smte Group ) 

These slates which are very widespread and economically im 
portant have been desenbed from many localities Several groups 
have been recognised eg DuncLis Slates Balfour Slates and Bischoff 
Slates 

L K Ward first desenbed these rocks at Dundas m 1909 He 
states that from the evidence supplied in the distnct he could not 
correlate them accurately with other senes but mdicated diat they 
are succeeded by a conglomerate senes 
This dcscnption and the one by L Hills covering the Read Rosebery 
area to the north of the Dun^s area (Hills 191S) must now be 
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read subject to the more recent view that the igneous suite arc con- 
nder^ly later and entirely intrusive into the sedimentary group 
There is a general opinion that the Dundas Slates underlie the West 
Coast Ran^ Conglomerate Senes L Hills (1915 p 4) also records 
limestone intcrbcdded with the states at Hercules Mine and Njre 
(1923) has given us the most complete description of them at Magnet 
(with analyses and petrogriphical commentaries) The latter dis 
imguishes several divisions in the slate senes there developed namely 
a ^te, a chert a felspathic breccia and a micaceous breccia Nye 
identified the Dundas slate senes as defined by Ware) and also a new 
group which he termed the Bischoff series He stated that outcrops 
were too infrequent to enable the different stages of the two senes 
to be mapped but regarded the Dundas senes as being the older 
Reid, workmg at the same time on the Mt Bischoff portion of this 
field desenbes the Bischoff slates and lecoids an unce nformity between 
them and the underlying Dundas sent-s (Reid 1023) Later however, 
Reid identified the Bischoff slates at Dundas but on lithology only 
and considered them as there developed to be older than the Dundu 
senes (Reid 1925) 

The Dundas slates are usually dcsciibtd as purple to reddish and 
occasionally grey ti black and ippeni to underlie the conglomerates 
and quartzites of the Magog Gioup Twclvctiecs (1908) desenbed 
the relationship at the Humboldt Mine undei the Needles Ward at 
Dundis (1909) fwchelrees it C uiin s 1 Inns Blythe River Penguin 
Alma (1909) Ward at Mt Balfoui (1911) Reid at Round Hill and 
Wilmot (1919) Nye it Adamsfield (1929) and A N Lewi at 
Pine Hill and Mt Anne (1923 and 1940) 

The downward succession of these old rocks is very obscure and 
has only been recoidcd m published work in Nje and Bloke (1938) 
These authors refer to pre Dundas locks and assign to this ^oup 
the Smithton quaitzites barrel slates Balfoui slates Aithur Kiver 
slates and Hatfield Flams slates One single fossil has been found 
m each of the last two slate senes which have been assigned an 
Upper Cambrian age (Chapman 1925 and 1928) on this very slender 
evidence 

Hall 8 graptolitcs were found in the Dundas slates and assigned an 
Ordovician age (Hall 1902 Keblc 1928) but doubt (Thomas 1945) 
has been cast on the identification of these forms as graptolitcs 
The discovery of hydioid lemains at Dundas together with 
some fragmentary remains of trilobites (Thomas and Henderson 
15^5) enables the EHindas Slates to be loi related with similar beds 
of Middle Cambrian age in Victona The black slate and the inter- 
bedded volcanic tuffs ashes and agglomerates show a very close litho 
logical resemblance to rocks of similat age in Victoria 
Although local names have been given to the slates as developed m 
the different localities it seems that broadly they can be considered as 
a Lower Slate Senes There is no palaeontological or stratigraphical 
evidence which renders this impossible ot even improbable 

Some of the subdivisions of this group may be usefully summansed 
as follows — 

Parrel Shies This was set up by T K Ward m 1908 to include 
the dark slates and sandstones of the Mt barrel district which appear 
to be older than the Silunan rocks of this distnct 
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Ihmdas Serus (L K Ward 1909) is one of consideraUs thickness^ 
am^KMcd of slates, generallv red when weathered, but grey, green 
and Uack when unweathered, with fine grained breccias of volcanic 
matenal (basic felspar and augite) and cherts, tuffs, and basic 
volcanic rocks (Nye 1923) It has generally a faulted relationship to 
the younger rocks 

In the Rosebery distnct (K J Finucane 1932) dark slates and 
quartzites occur ui addition to the above types and m the Smithton 
wtnet (Nye, Finucane and Blake) a limestone bed and thick 
dolomites are interbedded with rocks supposed to belong to this 
group 

Beneath the Dundas Senes in the Smithton district (Nye etc, 
1934) dark slates 'tnd quirtzites and hne eongloinetates occur appa 
rentl} eonfomiably and extend eastward lo the white quarl/ites and 
dark slates of bi^teis Hill which had pre\iously been referred to the 
Proterozoic 

Balfour Senes This senes was described by L K Ward in 1910 
(Bulletin No 10) for the North Western distnct It comprises light 
coloured slates quartzites and fine conglomerates intruded by granite 
and by basic dykes 

Bwhoff Series (Nye 1923) consists of alternating beds of slates 
and sandstone with subordmate conglomerates and breccias No 
fossils have been found, but it is considered younger than the Dundas 
Senes 

Rosebery Senes (K J Finucane 1932) mcludes the slates and 
quartzites of the Rosebery area, which are apparently stratigraphically 
beneath the Dundas Senes 

The Relationship of the Cambrian to ihe Protfrozoic 

The Proterozoic Rocks have been described in some detail by 
W H Twdvetrccs (Proc AAASc 1907) and L K Ward 
(Proc Roy Soc Tas, 1909) The latter recognised two senes from 
the evidence ui the Surveyor Range where an upper senes of quartzites 
unconformably overbe quartz and mica schists 

The basis of the separation of the Proterozoic from the Lower 
Palaeozoic has been the lithological character and their structural 
relationship with other senes Their schistose nature is more pro 
nounced than that of the younger rocks which according to most 
workers follow them unccmfonnably But veiy few areas showing 
this relationship have been recorded or examined in detail At 
Frankford (Nye 1928) a contact of conglomerates with Pre Cambrian 
sdusts can be seen, and he also states tlwt a contact, not examined in 
detail has been seen at De Witt Island off the South Coast 

In the Smithton area (Nye Finucane and Blake 1934) a group 
of slates was correlated with the Dundas Senes (p 53) Above this 
18 a Dolomite, and beneath it a Chert Stage Beneath the Chert Stage 
IS a considerable thickness of rock divided into — 

2 Grey-green quartzite stage 
1 White quartzite stage 
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It 15 considered that the grey green quartzite stage conformably under 
lies the Ddomite stage (or where abmt the chert substage) but there 
may be an unconformity between the grey green quartzite and the 
underlying white quartzite stage althou^ &esc may form one stage 
These quartzites are correlated with those of the Sisters Hill (p 25) 
of which they state This suite of rocks has been asenbed by 
Loftus Hills to the Upper Proterozoic but they may represent tran 
sition beds between Uie Upper Proterozoic and Lower Palaeozoic 
or even be Lower Cambrian 

The separation of the Proteiozoic rocks from the Lower Palaeozoic 
IS shown on the Geological Maps of Tasmania cannot be regarded 
with confidence for even on the road between Lake St Qair and 
Queenstown there arc fossiliferous beds which are Upper Ordovician 
or Lower Siiunan in the centre of a big area coloured as Proterozoic 

Summary and Conclusions 

It is obvious from the foregoing that there is need for much detailed 
structural palaeontological and stratigraphical research before the 
sequence of the Lowei Palaeozoic rocks of Tasmania can he solved 
Exhaustive collections arc essential be foie the age of the various 
groups can be determined Until this information i available the 
major structural featincs cannot be studied and there is no doubt 
that these are complex and of sufficient magnitude to have complicated 
the task of deciphering the stratigraphic succession 
The information Tasmania can yield concerning the development 
of the Tasman Gcosyncline is most interesting The succession— 
conglomerates to sandstones or quartzites and then limestones and 
shales—is well maiked not only in the Ordovician but also in Siluuan 
Devonian times The rapid alternations both verticilly and laterally 
have however added to the difficulties of correlation 
There is probably a gradual passage from the Proterozoic to the 
Cambrian resembling conditions as found in South Anstrilia if the 
Sm tilt n aiea is c nsi lered as typical 
The volcanic activity of Cambrian times and the development of 
thick slates and shales following the cessation of this extrusi\e phase 
IS matched by similar conditions in Victoria In both States these 
slates are fossiliferous only at the lower horizons In Victoiia the 
Ordovician is mainly a shallow water facies with lelatively thin 
gr^tolitic shales representing deeper water conditions In Tasmania 
the Ordovician commences with the conglomerates then sandstones 
and limestones and the comparable conditions aic in Central Aus 
tralia rather than Victona 

The Silurian Devonian is initiated in Western Tasmania by the 
West Coast Range Conglomerates which aie succeeded by sand 
stones limestones and shales all showing the charactcnstics indicative 
of rapidly alternating conditions of sedimentation In Victoria there 
w a well defined lithological break between the Uppei Ordovician and 
Silurian and thin intei bedded conglomerates are only sporadically 
developed in the lower Silunan (Kcilonan) rocks Higher in the 
sequence lenticular limestones and conglomerates approximately mark 
the toutidary between Silurian and f^vnnian Conditions in Tas 
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mania indicate more fluctuating depths than in Victona but the deeper 
water facies ab developed in the Walhalla Synchnorium is matched 
1^ the lithologically similar Malhinna senes , Ixith having shallovier 
water beds with plant i emains 

Without more detailed knowledge of Tasmanian stratigraphy and 
structure, it is difficult to draw closer comparisons It is thought, 
however that the identification of three major groups will be of help, 
but the following summiry meiely serves to show the gaps in our 
knowledge — 

1 The relationship of the Cambnan to the Proterozoic is not 

known with certainty 

2 There IS a thick development of slates frequently associated 

with basic volcanic activity which cm be considered as of 
Cambnan age (It is likely however that there is also a later 
development of basic rocks companblc with those -it Waratah 
Bay in Victona le post Upper Siluiian at least) 

^ The Ordovician is initiated whcrevei studied in dct-iil by con 
glomerates succeeded by beds containing the Tasmanocephalus 
fauna and by limestones with large cephalopods The con- 
glomerites must he low in the Ordovician (Tremidocian), 
but the ige of the upper beds of this group is not known If 
the limestones on the Mersey River and the Queenstown flux 
quarry arc Upper Ordovician the age of the succeeding con¬ 
glomerates in ill probability is Silurnn The King River 
Senes ato prcbibly of the same genet al age is these lime 
stones which however mcording to Di O Hil! may also 
doiibtfiillv be Silunan 

4 The exact age of the West Coast Range Conglomerates is not 
known They overlie unronfonmablv beds piobabK of Upper 
Ordnvicnn age (or more douhtfullv Silurian age) md arc 
succeeded conformably b^ the Gordon River T imcstont Senes 
of undoubted Silurnn age Higher still in the sequence arc 
the ridon Beds md the Pkinodiclyum hearing beds at 7cehan 
whah may be lower Devonnn in age md may thus be 
correhted with the Mithinni Slates 

This contribution is m attempt to revuw the Iitcratuie md although 
It perhaps errs in over simplifving the T owei Piheoroic Recoid it 
also indintps some of the problems vet to 1 h solved Much of the 
work of the Tisminim Geological Surviv remiins in mmusonpt 
form 1 stite of affiirs that should b< lemcditd as it is difficult to 
gun access to these papers It is thus possible that some of this I iter 
work has uinuUntionallv been omitted finm this discussion 
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5 —A Surrey of Vegetable Matter in the Wool Clip 
of S.E. AustraUa 

By S. J. CHURCH, M.Sc. 

[Read 13th June 1946] 

Introducfion 

Leaves, twigs, fruits and other fragments of vegetable matter are 
fncked up in varying quantities by At fleece dunng the activities 
of sheep on pasture The presence of this vegetable matter may 
interfere with the normal processing of the wool Moreover its 
presence in the finished mateiial is highly undesirable and every 
effort has to be made to remove it dunng processing Its removal 
frequently requires special treatment of the wool involves extra 
handling, and may damge the wool in some degree 

The presence of vegetable matter in wool, then constitutes a 
problem to the processor of wool It also constitutes i problem to 
the wool appraiser who must decide the quantity of vegetable matter 
present, and its influence on the cost« of processing and the value 
of the fimshed product For any detailed study of these probUms 
information on the nature of the vegetable matter to be found in wool 
IS an obvious requisite 

A survey of vegetable matti i found in the New South Wales wool 
clip was published b} Milthoq (4) A similar survey hss now been 
completed for wools originating from Victoria South Austialia 
Tasmania, and those distncts in New South Wales adjacent to the 
River Murray 

General Procedure 

Samples were drawn more or less at nndom from wools delivered 
to Victonan Tasmanian and South Australian Appraisement Centres 
Work was very largely confined to samples which showed an appre 
aable vegetable matter content—of the order of 1 per cent or more 
of the greasy weight Foi the most pait the wool was scoured piior 
to examination The vegetable matter uis removed b> hand and 
identified as far as possible In each case the identification of type 
speamens was checked by authorities at the Botany School University 
of Melbourne or the National Herbarium Melbourne These type 
specimens were retained and other specimens were identified by 
comparison with them 

The nomenclature and classification of Black (1) have iKcn followed 
as far as possible For species not desciibed by Bhck the description 
of Ewart (3) has been used The lommon names presented arc those 
listed t^CSIR (2) 

The nearest town to the property from w hich the wool was denved 
has be«i taken as being the place of ongin of the wool On the basis 
of average annual rainfall the a^-ea covered by the survey has been 
divided into four aoncs as set out in fig 1 The samples have been 
allocated to the individual zones according to the places of their 
angm 

No attempt was made to assess quantitatively the amounts of the 
different types of vegetable matter present in the samples 
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Fig ]—Map fihoviing ana loicnd hv Survey T^ohycti from map published 
by Meteornlogicnl Branch, Commonwealth of Australia, showing 
average aiinu.il rainfall based on figures up to 1938 



Fig. 2—Relation of type of vegetable matter found in samplei to avtragt annual 
rainfall Only those iperiei included fnnn which vegetable matter 
occurred in 5 per cent, or more of the samples from one or more fonca 
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Rtsultt 

Over ^ samples) were examined in all. VegeUible matter from 
123 aperies of plants was identified. Mention is made here only 
of those species from which vegetable matter occurred in 5 per cent, 
or more of the samples from one nr more of the zones. There were 
51 of these species which are listed in fig. 2. Twenty-seven of them 
are recorded by Milthorpe (4). Vegetable matter of the remaining 
24 has not previously been recorded as occurring in wool. 

DrsTRiBxmoN op Species. 

The distribution of the various types of vegetable matter in relation 
to the average annual rainfall is included in fig. 2, which sets out the 
proportions of the samples from each zone in which the different 
types of vegetable matter occurred. As might be expected, there is a 
distinct relationship between the average annual rainfall of the area 
from which the wool originated, and the type of vegetable matter 
found in it. 

Nine species, all drought resisting types, were found only in samples 
from the driest districts, and 12 species, all typical of higher rainfall 
areas which were found in samples from the two wettest zones were 
almost entirely absent in samples from the dry districts. Hairy Burr- 
Daisy (Caiotis hispidula) and Pop Saltbush (Atriplex spongiosum) 
were the most common types found in these dry areas, occurring 
respectively in 79 per cent, and 47 per cent of samples. Grasses and 
Legumes were not common among the other species, Composites and 
Chenopods occurring most frequently. 

The vegetable matter in the samples fiom the two wettest zones 
was of closely similar character, 30 of the 34 species found in samples 
from these zones being common to each Most of these species, such 
as Biddy-Biddy (Aracna Sanguisorba), Mosses (Musci. spp.), Swamp 
Dock (Rumex Rrournii), etc., arc typical of the vegetation of areas 
of higher rainfall. Fragments of Grasses and Subterranean Qover 
{Trifolium subterraneum) occurred in a very high proportion of the 
sanmlcs. Wild Carrot {Daucus Carota), and the two common species 
of Crowsfoot (Erodium spp ) were three other types found almost as 
frequently. T^c Medics {Medicaqo spp ) were rccoverc<l from a 
smaller proportion of samples 

Tn the samples from the zone with the average annu.d rainfall of 
10 to 20 inches, the greatest \ariety of types of vegetable matter 
was recovered, species common to both th^ driest and the two wettest 
zones being found. As in the two wettest zones, the outstanding 
characteristics of this zone was the high proportion of samples in 
which fragments of the Grasses occurred, the most important being 
common Barley Grass {Hordeum leponnnm). Three species of 
Medic were also recovered very frequently. They occurred in a much 
higher proportion of the samples from this zone than from any other. 
Drought resisting l)q)es occurred in a smaller proportion of samples 
than in the driest zone, though Hairy Burr-Daisy {Calotis hispidula) 
api^eared in as many as 50 per cent, of those examined. Australian 
Carrot {Daucus glochxdiatus) and the two species of Crowsfoot 
occurred more commonly than in the driest zone, hut less commonly 
than in the two wettest zones. 
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Nature of Vegetable Matter Recovered 

The vegetable matter found with the 27 species recorded Mil- 
thorpe (4) was similar to that described by her. The nature of the 
material found with the other 24 species is indicated in the following 
notes and figs. 3-26. Details of the features used in identifying the 
material are included. 

Gsaiunbak* 

Dauthoma s^miaHnularu (Labill.) R. Br., Ringed Walliby Grass, tiff. 3. 
Material recovered: Spikelets, flowers Identifying features: Spikelet of two 
outer glumes and 6-9 flower*. flowering glume about 3 mm. long bearing three 
eonspicuouB nng% of hairs and three awns, the central awn brown and twisted 
and longer than the lateral onen; paica notched at apex. 

D aenicufata, J M Black, Kneed Wallaby Grass, fig. 4. Material recovered; 
Spikcleti, flowers Identifying features: Srikelcts^ of four to five fiowers; 
lalea blunt and hairy on back; otherwise as U semiaanmlaris, except that awns 
shorter and central awn not longer than lateral ones. 

Hordrnfn vtarikitiutn. Huds, Sea Barley Grass, fig 5. Material recovered: 
Inflorescence, groups of spikeleti, spikclets Identifying features: Prafpmnts 
of inflorescence with three one-flowered spikelets at each node; central spikelet 
fertile, 6-7 mm long and almost sessile: lateral spikclets sterile, 5 mm. long and 
stalked; outer glumes in each case awnlikc in shape, arranged in pairs and not 
riliate; flowering glumes iiindhd at the base with long, rourii awns. 

Microtaena stipoidc^ (J.abill), R Br, Weeping grass, ng. 6. Material re¬ 
covered: Spikclets, flowers Identifying features; Spikelets onc-flowered, about 
30 mm long; first pair of outer glumes minute, second pair hard and rough, 
each tapering into a long awn and he.'iring a tuft of hairs at the base; 
flowering glume shott and inconspicuous 

Agrop\mm scahrum (Labill ), Bc^aiiv, Common Wheat Grass, fig. 7. Material 
recover^. Spikclets. flowers Identifying features: Spikelets wedge-shaped, 
5-7 cm long, including awns with six to twelve flowers; flowering glumes 
narrow, rigid, rough, with awns about 3 cm long. 

Bromuf rwbcfir, L, Red Brome, fig. 8. Material recovered: Spikelets. 
flower* Identifying features* Spikelet reddish-purple with five to eight 
divergent flowers, the awned flowering glume 2-5 cm long, rouidicned on the 
hack and curving outwards when mature 

B hordi'at CHS, L, Soft Brome, fig 9 Material recovered: Spikelets, flowers 
Identifying features Spikclets five to eight flowered; flowering glumes short 
and ovoid, about 6 m«u long, bearing an awn about the same length. 

Pappophoruw niartcans (R Br), Beauv, N^ger-heads, fig. 10. Material 
Tccovcred • Fertile flowers identifying features: Aowering glume stiff, rounded, 
bearded at the base wdth distinct nerves ending in ciliated awn 4-6 mm. long 

DaciyhcUntuni radulanr (R Br), Beauv, Button-grass, fig. 11. Material 
recovered* Fragments of inflorescence Identifying features: Inflorescence of 
three to five flowered spikclets, compressed, sessile, in two rows idong one 
side of the axis, the end of which projects in a point; spikelets 5 mm. long, 
outer glumes unequal 

Chbnqpodiaceax 

Bassia sp^. Material recovered: Perianths enclosing fniits, stems. 

B patfnttcuspis. And, Spear-fruit Saltbush, fig 12. Identifying features; 
Perianth tube slightly hairy, hearing iwo long divergent spines, and one tubercle; 
whole ovate to ablong in shape with hollow base. 

B veniricosa, J. M Black, Common name unknown, fig. 13. Identifying 
features; Perianth tube 2-3 mm. in diameter, and slightly hairy, with tour 
spines; two short and inconspicuous, and two 3-5 mm. long, sharp and 
pointed. 

B FVM. Three-spined Saltbush, fig 14. Identifying features: 

Perianth tul>e broad and spreading at the base, bearing three long spines 
arranged at right angles to each other and parallel to the stem. 

a Flowcrlnx shunB and pmles rneloM the grain or flowrlng parts, tbs vhel* knova 
flpiksht conilsti of on* or many flovm aadnand bg nupty braeti^g 
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uniftOfA (R.Br.), F.V.M., Two-spined Saltbush, fig. 15. Identifying 
£eaturcs: Perianth tube almost as broad as long, with circular, hollowed base, 
covered with short dense hairs and bearing two divergent spines, one with a 
tubercle at the base. 

AtfipUx spongiosum, F.V.M., Pop Saltbush, fig. 16. Material recovered: 
Perianths with soft material destroyed. Idcntirymg features: Matrix of 
perianth, reticulate, bard and dry, with fibrous outgrowths, basket-like in 
appearance, about 1 cm. long. 

Kochia Bluebush, fig. 17. Material recovered: Perianths enclosing 

fruits. Identifying features: Perianth flattened on the top with five horizon^ 
wings attached to rim spreading outwards, also united or singly cleft 

COMFOSTTAE 

Isoitopsis gramtnifolifl, Turez, Grass Cushion, fig 18. Material recovered; 
Fruits. Identifying features: Fruit a cylindrical achcnc, hairy, about 2 mm. 
low bearing a pappus of eight to t\%elvc obtuse scales about the same length 

CmoHs cymbccantha, F.V.M., Yellow Burr-Daisy, fig 19 Materials recovered: 
Fruits. Identifying features. Fruit an achene, flat, tuberculate, with two 
divergent awns, sh^icd at the base and set at right angles to the flat 
faces of the achene, enclosmg the convex apex. 

Boraginaceae 

Lappula concava, F.V M, Burr Stickserd, fig 20 Material recovered: 
Nutlets Identifying features Nutlet with raised margin bearing eight to 
ten barbed pnckles, the back concave and rough (4 nutlets from each fruit). 

Umbelliteeae 

Daucus glochidtaHts (Labill.), Fisch, Me> et Avc-Lall, Australian Carrot, 
fig. 21. Material recovered: Fruitlets Identifying features Fruitlct with 
three uconspicuous primary ribs and four prominent secondary nba the latter 
bearins long bristles barbed at the (Two fruitlets from each tniit) 

D Carofa, L., Wild Carrot, fig 22 Similar to above, but fruitlet usually 
smaller and prices not barbed. 

Rosaceae 

Aeaena Sanf/uisarba (L.F ), \alil, Biddj'Biddj, JJ M.iitual kcomiocI 
Groups of fmits, fruits. Identifying features Fruits in dense globular heads, 
about 2 cm in diameter; each fruit bearing four long pnckles barbed at the tip. 


LEGum^robAE 

Tnfoltum simium, L, Knotted Clover, fig 24 Material recovered: Fruits 
Idcnnfying features: Fruit almost globular in shape, covered with fine, soft 
hairs and bcariim five spreadh^ rigid teeth. 

Acacio, spp.p fig. 25. Material recovered; Fragments of leaves, seldom very 
manv present. Identifying features: Typical features of Acacia leaves of 
phyllodc or bi-pinnate types. 

Biyopuyta (Non-Flowcnng Plants) 

Musci spp, Mosses, fig. 26. Material recovered: Stems bearing leaves. 
Identifying features: Features typical of vegetative parts of mosses. 

Manner of Retention of Material in the Wool. 

The fragments of vegetable material discussed above, all possess 
features which assist their retention in wool. With the fragments 
of the grasses, the sharp Mints of the flowering glumes, the rough 
surfaces of Ae awns and the glumes and the hairs covering them act 
in this manner. Tlie other types of vegetable material possess smooth 
or barbed spines, prickles, or fibrous outgrowths, scaly appendages 
or fine leafy stems, 
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Of the species which were not recorded by Milthorpe, two—Pop 
Saltbush (Atriplex spongiosum) and Biddy-Biddy (Aeaena sangut- 
sorba) were striking. Both were always found in great quantity in 
the samples from which they were recovered. The perianths of Pop 
Saltbush from which the soft portions hud disappeared, were very hard 
and impregnated with dirt. They became surrounded by a thick felt 
of wool, and appeared similar to tlie buns produced in wool by fruits 
of the Medics. The entire heads of Biddy-Biddy were firmly em¬ 
bedded in the wool, or, if the he.id was broken apart, the individual 
fruits, when very plentiful, appeared as a brown crust on the surface 
of the fleece. Any other wf>ol which came in contact with this crust 
immediately became entangled with it. 
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5 —Late Quaternary Changer of Sea^Lev^ at Rottnart 
Island, Western Amtralia 

By CURT TEiCHERT. DJSc, 

[Reui Khh October, IMO] 


, Abstract 

itotbiM Itlittdf Mtoeted eleven nulee off the coait of Weetera Auetnlia new 
c4w>tl predominantly of dune rock of preiumably late Pleutocena 
Stef mtfitie umcftonee, includtnn a foaail coral reef are probably of 
V gMiifer afe Part of the iiland it occupied by a Mnei of latt fakea 
[ fit early Remt time formed an cmbavmcnt of the tea Erauonal featurea 
. I'-it b anw i and tuiderciit cHfft at wdl at the exiitence of ahell depoaiti 
W vtFfiOfQI bent! above tea-levd enfieit lowering of «ca level in the poat- 
feet by two itepi mterrupted by lUllttand penode at about 
$ tm aiM # (art above preaent tea level 



^ Introduction 

Hottnest Island one of the most popular holiday resorts 
^ WdfCetti Australia and within easy reach of Perth and the metno 
ai^ no mote than passing references to its geology may be 
xpttm in exirtifig literature The following notes are the result of two 
to the island in 1938 md 194S together of about three weeks'^ 
diitatiqp Oeological observations on the island are facilitated by 
Mod meps A oup on the scale 16 chains = 1 inch is available from 
mfi Department of Western Austiaha and dunng the war the^ 

D^ftment of the Aimy issued a iontour map on the scale of 
4 inches =» 1 nule A \eiv useful little map about ^ mile = 1 inch, 
is on di^nbution at the ( ovrmmcnt Touiist Office of Western Aus 
trails I madly \clmiraltv Clutt 240 Approaches to Fiemantle/' 
was found very helpful it gi\es Kottnest Island and burrounding 
reefs and w^teis on the scak 2 W feet — I inch 

M\ tliani s aiL dui to Mi William Blown now of the Austrahsian 
Petrol 011 n Coj | in> Mtllourne \ lo assisted me m various ways 
on a nuiiifcr of t \Linsions to liffeitnt pirts of the island in December, 
1915 mid to Ml Gordon Smith of the University of Western 
Austiaha who helped to take a Imt of soundings across Go\crnmcnt 
House like Piofcssor F de C Clarke and Dr R W Fairbndge, 
of the Uni\cisity of Western Austmlii had the kindness to read 
through the manuscript and made a number of valuable suggestions 
foi which I im much indelited to them 


General Description 

Rottnest Island lies m the Indian Ocean elc%en miles off the coast 
of Westein Australia hlightly north of the latitude of Fremantle 
Its greatest length is m an east west direction from Philip Point to 
Cape Vlaming (o\er miles) its greatest width m a north south 
diiection between Pari er Point and Point Gune slightly less than 
3 miles It covcis an area of appioximatcly 7 1/3 square miles 
The island nscs fiom the continental shelf inside the 10 fathom 
line which in this vicinity bulges oceanward to a distance of almost 
20 miles from the mainland (iig 1) The coasts are partly san^, 
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but pa^ fonned by cliffs, and the surface of the hfand is inrefolM^ 
liiSy> Toe h^fhcst dcvatkm is 154 feet, sitnaied abWMt in ffw ccnlN 
of the island and bearing the principal Ushthouse, and hiUs bf^icr 
than 100 feet are fcnind in many parts of & iilaod. 



IVf; «f th* «Mit •( AaMtBiUa. 4 m>w 1»S mtOhiBS mmI, rinlf. Mi 

BsttBwt btaad. (Depthi in filhcon.) 


Much of its surface is covered by blown sand, althou^ solid rocks 
crop out in many places and are exposed intermittently all along the 
coasts. These row are limestones and calcareous sandstones of what 
in Western Australia is merally known as die “Coastal Limestone 
Series” and will be described in more detail below. 

One of the most attractive features and one to which the island 
owes much of its popularity as a holiday resort, is a series of salt 
lakes in the eastern hdf There are four principal bdces—Government 
House Lake, Serpentine Lake, Lake Herschell, and Lake Bagdad— 
in addition to a few smaller ones. Together the lakes cover an area of 
about OB square miles, or about one-mnth of the surface of Rottnest 
Island. A line of soundings taken across Government House Lake 
indicated the existence of a fairly flat bottom at depths of from 23 
to 28 feet 

The water of all the lakes is hi^ly saline. In sutiuner time the 
lake levels fall, owing to excessive evaporation and the salinity probably 
increases correqionmiigly. During the rainy season in winter time 
the lakes rise and the salinity must be presumed to be lower. 
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Clift Ttkhtrt* Quattmary Cha$iget of SeorLtvtl 


if water taken from Govemmeiiit 
haa been made available by the 


Cakltith carbonate (CaCC^). 

Odciam sulphate (CaSOO. 

Uagnethim sulphate (MgS 04 ). 

SwHini nitrate (NaNOi). 

Magnesium chloride (M^i). 

rotaishnn chloride (Ku). 

Sodium chloride (NaCl). 

IfUn and sliuniniara oxides (Fe^t and AltOg) .. .. 
Silka (SiO.). 


•/oo 

037 

460 

11.04 

NU 

17.19 

3.40 

10&67 

0.50 

Traces 


Totol.MSS "/o* 

Total hardness. 31.0 

Total magn es ium. 66 

pH —a4. 


Encfrdifig the lakes is an almost continuons platform of varying 
width which is submerged during the wet season, but dry in aununer. 
It is carved out of the dune limestone and its position seems to be 
at pc ea ent mean sea-level or very slightly higher It is covered with 
fo^ shelly mostly gutropods and pdecypods, and shell deposits are 
also found in the vicinity of the lakes up to a hdght of several feet above 
the highest present lakes level. 

we find all over the island indications of erosive activity by 
the sea Ut various levels above present sea-level* erosion benches, 
notches, platforms, and raised beaches In this respect Rottnest Island 
is of outstanding interest and there is piobably no better place in 
Western Australia for the study of recent movements of sea-Ievel. 
Brief references to wave-cut platforms, undercut lake cliffs, and 
“raised" shell beds may be found in chiefly concerned with 

mainland features, by Somerville (1^1), Aurousseau and Budge 
(1921), and Qarke (1926), but no systematic description of these 
features has as yet been attempted 


Tides and Levels of Reference 

As everywhere along the coasts of south-western Australia, the tides 
at Rottnest Island are irregular and highly variable. “Between North- 
West Cape and Cape Leeuwin, the tides are greatly influenced by the 
wind, varying as much as 2 feet with off-shore and on-shore winds, ffie 
former rMucing the sea-level The nse and fall varies from 2 to S 
feet The higher sea-level is attained in June and exceeds the loww 
sea-level, which is attained in November, by about 2 feet" {AustraKo 
Pilot, Vol. V). 

It is common practice to record the position of shore-line features 
with reference to either mean sea-level or else low water level or 
Admiralty Datum. Under certain conditions this procedure is apt 
to lead to confusion, because, depending on the range of the tides, 
synchronous and homologous shore features may ygpear at very 
different heights above mean sea-Ievel or above datum. The same sea 
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might heap up a b«ach ridge 5 feet above datum in one place alonff 
a coast and at 25 feet or 35 feet above datum a few hundred miles 
fartiier on. However, in both places the positioa of the beach ridge 
would be at or slwhtly above high water levd and it seeim, thetufbre* 
more natural to iuc the height of shore line features with refttenen 
to that tide level to which they owe their origin. High wa^ level 
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springs (H.W.L^.) shoulq be the level of reference for such features 
as bach ridges; low water level springs (L.W.L.S.) should be the 
level of reference for rock benches and coral reef tops, and so 
on. In case of doubt recourse could always be had to I,.W.L.S. or 
Admiralty datum* In all cases a clear statement of the tidal conditions 
in the area under consideration should accompany or precede the 
description of shore line features. 

All levels recorded in this paper were measured with an Abney 
level, but the tidal ran^e on Rottnest Island being small and the time 
of arrival of the tides irregular, high water marl^ are usually neither 
clear nor very i^uAle. An tmt of one foot, or even two feet, may 
therefore be easily introduced in measurements which have high water 
level as their levd of reference. In general, it may be assumed that 
in this paper H.W.L.S. is 4-S feet, L.W.L.S. 0-1 foot above datum. 
Coastal Limestone Series 

The bulk of Rottnest Island consists of limestones and calcareous 
sandstones of the Coastal Limestone Series. Some of these rocks 
are marine, sortie arc of acolian origin, hut the latter by far outweigh 
the former in importance. Chine limestones crop out in many places 
on the island and form most of the coastal cliffs. In some places the 
dune limestone can be seen to rest on marine, fossiliferotis limestone. 
A deep bore has penetrated this limestone series to a depth of 200 feet 
below sea levd, so that it may be assumed that the sea-floor in the 
vicinity of the island, approximately down to the 30 fathom line, 
consists of the same rocks. 

TTie best place to study the older marine limestones of the island 
is Salmon Bay, in the middle of the south coast. 

The Fossil Coral Reef in Salmon Bay 

In the middle of Salmon Bay, on the south side of the island, is 
a low, rather inconspicuous, limestone cliff, forming an exposure about 
300 yards long. This cliff rises from a limestone platform at approxi¬ 
mately low water level, the platform sloping seaward at a low angle. 
At approximately mean hig^ water level there is a narrow bench 
not more than a few feet wide and just above this level the cliff is 
in most places strongly undercut. The top of the cliff is almost 
horizontal at a height of about 10 feet above L.W.L.S. (Plate V, 
fig. 1). 

The eastern half of the cliff consists of an emerged coral reef 
which rises to heights between 6 ft. 6 in. and 8 ft. 3 in. above the 
low water level j^tform. This platform continues to the east of the 
cliff where it can be followed at and below L.W.T-. under a cover 
of beach sand. As far as can be seen it consists of solid coral lime¬ 
stone for a distance of at least another 30 or 40 yards and the coral 
reef must originally have extended in this direction. The predominating 
forma in the reef limestone arc branching species of AcroPora mixed 
with some foliosc types, and in some places large colonies of Platygyra 
hmellina and of Favites favosus may be seen. 

The thickness of this reef is possibly not great, because in some 
places it does not seem to extend below L.W.L. and can be seen to be 
underlain by calcareous, fossiliferous, though non-coralliferous, sand¬ 
stone. 

The sli^tly irregular surface of the reef is overlain by bedded, 
non-coralliferous limestone, or calcareous sandstone, which has a 
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rather uniform thickness of 2 ft 9 in This bed cotttains manf 
particularly ^stropods among which Turbo starnmeus is very cotatnotii 
The reef Time^one doe^ not extend along the enbre length of the 
cliff At about ^ feet from the ea^em end of die chff it gfa^ 
into calcaieous sandstone with shelty fossils which for some distance 
from the edge of the reef limestone contains some coral boul^rt, 
obviously dcnved from the old reef (fig )) 
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Othbk Makine Ljubstonbs 

Marine fossihferous limestones or calcareous sandstones are found 
in some places but their relationship with the dune limestones is not 
always clear In the western half of Geordie Bay there are limestones 
with Katehsia, Cardtum and Pchntces to a height of 2 feet 
above H W L In Thompson Bay about 100 yards west of the main 
jeth fo«^]liferous limestones mainly containing Katelys%a, rise from 
L W L inshore to a height somewhat above H W L However in 
neither place can the relationships of these rocks with the dune 
limestones be established Away from the shore solid limestone with 
pelecypods occuis 8 9 feet abo\e HWL on the cast side of the 
spur separating Government House Lake from ^rpentine Lake and 
a narrow ridge of shell limestone rising to about 5 feet above H VV L.^ 
separates Padbuty s Hat from the eastern arm of Lake Bagdad I rom 
their general occurrence it is likely tliot these two deposits foim part 
of the Coastal I imestonc Senes and aie older than the surrounding 
dune limestones 

Llsewhere limestones largely made up of shell gnt are met with 
at or slightly above HWL e j along the shores of Wilson Bay 

Dunf Limfstones 

Dune limestones make up the bulk of Rottnest Island Since lime 
Stones of this t>pe ha\e a wide distribution along the coabts of 
We tem Austnlia and ha^e been discussed by me in two lecent 
pubhcitioiis (1947 1 and b) little need be said about them here 
Giaractenstic outcrops cm be seen everywhere on the island A 
paiticularly instructive and easily accessible section may be studied at 
Bilhurst Point at the north western end of Thompson Bay Certain 
layers of the limestone are heic penetrated by root structures" 
gtncrdlv calc'ircous secondary fillings of cavities left by the decay of 
roots ancient vegetation—a characteristic feature of these dune 
him stones in nil parts of Western Australia Such root structures may 
be seen in other pnrts of the island, eg, eX Strickland Bay at Vera 
Rock and at Salmon Point and in some places the layers coQtainiiig 
them may be seen to disappear below sea level 
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Aaothcr interetting fcatufe of die wcdott it Bedinnt Pbint k dw 
ittiMeofie of two genentioda of dune limestones. Just nordi of the 
li^hdicnise « lower cross-bedded grqr limekone is sqivs^ from an 
m Udtr, wfahilli, friaUe limestone, dicing 25” S., Iw a somenkat 
intgukr h a ntei ed layer whidi in respect resembles the trmr- 
doe crust which is now found mi die surface of nuiqr dune Ifanestones 
on the m s i n l s n d. Apparently sud^cient time dapind between the 
fomathm of the two dune hmestanea at Bathurst Point to allow a 
tmverdne crust to devek^ on the earikr dune, before it was buried 
by die second. 

Very similar conditioos can be observed at Vera Rock, on die sooth 
eaait A feature which adds to the interest of this locality is the 
coesring of recent Mown calcareous sand widi pardy tiavertine- 
' encrusted roots of living trees, demonstrating a dune limestone 
with root structures tn statu uaseendi 
In general the dune limestones are characterised by the ptcvalenoe 
of ste^y (hpiung ("foreset") beds, moady dipping at 2 d” to 25”' 
in varl^ direcd^. In maw places such steely dipping beds are 
found down to and below L.W.U 
The dune limestones are udformly fine grained rock^ conaistiiig 
mostly of fragments of shdis and other organic remains, whh a 
vati^ admixture of quartz ffraihs. Occasio^y, however, coarser 
afaid and larger quaiitz grams were blown up high. An inteterting 
pitch of stub mstew wu found about 60 feet above S.L. on a 
nffl east of Mt. HerschelL 

Acs AMD COSRBLATIOM OF TBS COASTAl, LtMESTONt 
The geological section at Salmon Bay k of considerable interest 
because it reacmUes closdy the sectkm of the older limestonee of 
the Abrolhos Islands, 3CX) miles farther north (Teichert 1947a). The 
major islands of this group are characterized by a foundation of solid 
reef limestone, overlain by on the average about 3 feet of non- 
coralline limestone, containing a shelly fossil fanna. The tops of these 
shell limestone platforms are as a riile situated about 10 feet above 
KW.L, that is, at the same hei^t as the top of the non-oo^ine 
limestone in the Salmon Bay cliff. A small coral reef on the mainland 
coast at Dongarra, 30 miles south of Geraldton, occupies a v^ 
similar posidon (Teichert 1947a), and it seems an obvious oondurion 
that the older reef limestones of the Abroliios Islands, the Dongarra 
reef, and the Salmon Bay reef of Rottnest Island are all of the same 
age. I have previously suggested that they were formed during an 
interglacial period of the Pleistocene, when the sea-Ievel stood hk^t* 
than now and the climate was possibly slightly warmer. Reef building 
cM'ds, including a vigorous growth of Acropora, then found a favour¬ 
able environment 300 miles south of the present southern limit of the 
coral reef belt. 

Even to-day a fairly vigorous growth of reef corals is found in a 
few places around Rottnest Islud. In the tidal zone near Cape 
Vlammg there are many healthy colonies of PociUoPom, and 
SUsraitrasa radians also occurs there. Numerous patches of vividly 
coloured PocHlofara colonies can be seen in the vicinity of Cape 
Fbricer and, no dou^, they must occur elsewhere along the coasts of 
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the iaiand. On the bench near Parker Point I {quekI a bleached* 
though very fiiesh-Iooking apedmen of Pta^ygyra C^MrandrM*) lamrt- 
lina which nmkes it seem liMy that this typi^ reef coral sdll survivei 
in the waters around Rottnest 

The stratigraphical position of the dune limestoneB of Rottnest 
Island correspoiris to that of the dune limestones of the Abrolhoe 
Islands and of the mainland of Western Australia. Observatioits on 
Rottnest Island strongly suggest that the dune limesfeones were 
deposited at a time when the water level stood lower than now* for 
almost everywhere they can be seen to extend below L.W.U and 
they are now being vigorously attacked by marine erosion. Age and 
corrdation of these rocks have been discussed more ftdly els^hete 
(1947 a and b): they were regarded as formations of one of tho 
later glacial stages, probably the last, of the Pleistocene, built up at 
a time when much of the limestone-covered continental shdf was 
exposed above sea-level and thus furnished material for extensive 
dune formations along a thousand-mile stretch of mainland coast 
Dunes were thus accumulated on the promontory formed by the 
10-fathom line and elsewhere on the continental shelf. 

The Shell Deposits of the Lake Area 

The shores of the salt lakes are lined with fossiliferous rocks and 
loose deposits in which shells of petecypods and gastropods predomi¬ 
nate, in most places to such an extent that we may speak of "shell 
deposits'* or “coquina lieds." Almost any jx)iiit on the lake shores 
is equally well suited for the study of these formations, althoutfli th^ 
are better develoi)cd in some places than in others Ateug certain 
shores they form but a run row fringe, as, eq, on the north coasts 
of T^kes Ragdad and Herschell. Elsewlierc, for example, east of 
Lake Bagdad an I along the south side of Serpentine I-ake, they form 
wider belts. ANo, a low flat area north of (jardni Lake, almost 
extending as far as the sea to the north and separateil from the 
“Basin*' only by a nanow lidge of dune limestone, is entirely covered 
with deposits of the same kind. ILirt of Ciovemmont House Lake 
is another large flat area, i^art of uhirli is used as an aerodrome, 
extending as far and beyond Bickley Swamp; this flat is also co\ered 
with shell deposits, though of a somewhat different type. 

Whereas e\ery\vhere else the shell beds are surrounded hy dune 
limestone ridges, towards the north-east, between Government House 
I^ke and Thompson Bav they are covered by more recent, loose sand 
dunes which form a narrow belt along the coast between a point 
sornewhat N.W. of the old Government House and the vicinity of 
Philip Point. Strongly eroded dune limestone crops out on the coast 
a short distance west of the Point, 

Along the lake shores the shell deposits are cemented into Hmeston^ 
apparently because here they are alternately submerged and exposed 
with the changing seasons. Tn summer the lake level falls and exposes 
a fringe or platform of fossiliferous limestone from which large col¬ 
lections can be made. The position of this platform, as mentioned 
earlier, i^pproximately at, or perhaps slightly higher than M.S.L. 
The lakesTire. of course, now quite devoid of moHuscan life, the salinity 
exceeding 10% in the summer. 
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Awt)r from the lake shores the deposits are uncemented and rise 
to vamn^ heights. They were foond in the hipest position on a 
imaU nat in the eastern continuation of Lake Rax^nad, just south-west 
of Mount Hcrsdiell* From the limestone platform on the lake shore 
the ground rises mduallv to a terrace about 9 feet high (approximately 
6-7 feet above H.W.L.S.) which consists entirely of densely packed 
ahdis, mostly rather krge forms such as Marcia, KaUlysia, BuUaria, 
PoHnices, hut also Peronidtlla and regular echinoids. From this 
terrace shell beds rise further to a height of 12^ feet (about 10 feet 
above H.W.L.S.), but these higher deposits consist of shell grit and 
small Bbells, mostly gastropods of the CoxieUa type. This is the 
h^est point ht which such deposits have been found. 

On Padbury'g Flat, north of Lake Bagdad, loose shell deposits were 
found up to a height of 5 ft. 3 in. above the lake shore platform 
(about 3 feet above H.W.LS.). the north-east side of Govern¬ 
ment House Lake, south-east of View Hill, there arc distinct beach 
ridges of loose shell material, but their height was not measured. 
Fiiudly, the surface of the flat east of Government House Lake is 
6 ft. 3 in. above the lake shore platform (8 to 9 feet above L.W.L.S.) 

As to the composition of the coquina deposits in various parts of 
the island, no close analysis has as yet been made. Reath, in 1925, 
listed the following molluscan species from '"sub-recent" deposits on 
Rottnest Island: 

PELECYPODA.— Brachyodontes erosus I.am.. Cardita sp. Dosinia 
heifudU Lam., M^cia peranii Lam., Veneruplis plankosta Desh., 
Amphidesma praecisa Reeve, Nausitoria saulii Wri^t 

GASTROPODA— Cantharidus nitens Kicner, Patelloidea con- 
noidea Quby and Gainard, Bembicium melanostoma, Bittium estuarium 
Tate, Tonna variegafa Tto. Woods, Arcularia vicioriana Iredale, A. 
rufula Kicner. 

It is probable that most, if not all, of these come from the shell 
deposits of the salt lake area, though even a preliminary survey of the 
shell deposits shows that the list must be rather incomplete*. How¬ 
ever, I am not in a position to make many additions, but other forces 
noticed included Ostrea, Ckatna, Vermeius, and Turbo. 

Besides the shelly fauna, echinoids are commonly found, particularly 
fragments of the large irr^ular genus PeronideUa. In the vicinity 
of the bathing jetty on the shore of (Government House Lake 
there is a large colony of Favites embedded in the limestone—^hc only 
fossil coral seen on the island outside the Salmon Bay coral reef.' 

The greatest variety of species is as a rule found in the immediate, 
vicinity of the present lakes and up to a few feet above the lake shoi^ 

f latfonn. The highest dei^its seem to have an impoverished fauna.' 
t has already bttn mentioned that the deposits at heights between 
9 and 12}^ feet east of Lake Bagdad consist largely of CoxieUa. Simi¬ 
larly, the deposits east of Government House Lake may be described 
as shell sand in which CoxieUa is common, although there is a fair 
admixture of pelecypod shells, chiefly Katelysia. In the eastern exten¬ 
sion of this is Bickley Swamp which is underlain by a marly 
deport containity some CoxieUa shells. _ 

• It mut be mnembered that Um eoUfoUooe itadwa by Reath (Me Am leTeral depnelta 
oC dHBmfit 9mm* Seme eaiae beda (Meltelr oldar than the done Umertonei (Fepper- 
lOotm Oere) a^ thendeie hf t^teoeae ige. 
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M^rint Bmehes and OfW Eroiioii Marb 

Perhaps the most stnking features of Rottnest Island'are tha ma^ 
signs of marine erosion at various heights above sea^hVcl^ found in 
manv parts of the outer coast, but imre particularly around the dmrea 
of tne salt lakes. It is easily Mssible to distinguiA three tevds of 
marine erosion which may be known as ''high/* "intermediate/* and 
"low” respectively, although in a few cases certain erosional or other 
features cannot be correlated with certainty with any of these levds. 

One of the localities where all three erosion levels may be observd 
in most perfect preservation is on the north shore of Govemment House 
I^ke, close to the Causeway (fig. 4; pi. V, fig. 2). Here dune lime- 
Tfii 
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stone with south-east dipping stratification is expo^ in a cliff which 
iomu an overhangii^ iMge several feet wide. This ledfse is perfectly 
flat, carved out of the limestone, and is situated about 8 ft 9 in. 
above the limestone platform surrounding the lake, or about 11 feet 
above L.W.L.. Below this ledge there is a well-marked eronon notdi 
the base of which is 4 ft. 6 in. below the level of the i^tfonn. 
Farther down near the fdot of the cliff the limestone is much moije 
stronriy eroded by a deeply incised notch, the base of which is 2 ft. 
6 in. MOW the bam of the upper notch and about 1 ft. 9 in. above the 
lake shore platform. This platform is situated at or perii^w slightly 
above mean sea-level. 

A similar cliff profile, although not often so well developed, may be 
seen elsewhere along the lake shores, for example on some small weta 
between Lakes Ba^ad and HersAdl, and on the north side of 
Serpentine Lake.^ 

Tlie characteristics of these three erosion levels may be amplified 
by some further observations: 

High LEvxt Bench. —This characteristic feature is pre s erved in 
many parts of the island along the outer coast as wdl as along tte 
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like iborci and hat already been briefly referred to in publications 
fay JSonerville (19Z1) and Clarke (1926). It is no doubt the 
remnant of a noitnal shore platform (PI. VI, 1, 2). Afonfi^ the 
ottter coast its t^ace is at about 10 feet aboAe present L.W.L. and 
alpog Ae lakes^ it is 8 to 9 feet above the lake a^re platform, or 
about 10 to 11 f^ above L.W.L. The bench is particularly well 
preserved In the vicinity of Cape Vlaming, in Wilson Bay, in various 
tJaM idong Strickland Bay and between North Point and Armstnmfi^ 
Point, but also in many other places along the outer coast In the 
lake area it shows up well along the north shore of Serpentine Lake, 
on the south side of Lake Herschell and around the shores of the 
eastern arm of Lake Bagdad. It is generally cut into cross-bedd^ 
or steeply dippinf^ dune limestones ai^ differential erosion plays no 
part in its formation. 

Associated with this level are probably the highest shell deposits 
m en t ioned above, especially those rising to 12^^ feet above the lake 
shore platform in the eastern extension ox Lake Bagdad. 

iNTBeKHDiATB Level. —In the cliff near the Causeway, this level is 
represented by the "upper notch," about 4 feet above that of the lake 
shore platfonn. Exc^ near the Causeway this level is pardculariy 
well preserved betiVeen Lakes Bagdad and Herschell and indications 
of it may be seen elsewhere In some places, however, no traces of 
it can be detected as, eg,, along the south shore of Lake Bagdad 
The shaTIowness of diia notch together with its erratic distribution 
around the lakes suggests that the sea did not remain long at the 
level at which the notch was cut Owing to the small size of the 
lakes wave erosion must be rather ineffective and the upper as well 
as the lower notch may be regarded as essentially due to solution. 

Associated with the upper notch level are probably many of the 
shell deposits, for example, those of the flat ("aerodrome") east of 
Government House Lake which rises to about 6 feet above the take 
^orc platfonn. The shell beds of Pladbury's Flat and the lower 
coquina deposits cast of Lake Bagdad are found at about the same 
height and probably the shell sand ridges on the north coast of 
Oivemment House ijJce, south-east of View Hill, also belong here 

Along the outer coast, as may indeed be expected, most traces 
of this erosion level have been obliterated. However, in a particularly 
sheltered place in the north-east comer of Thompson Bay there are 
remnants of a fossiliferous conglomerate adhering to the cliff at a 
hei^t of about 4]^ feet above M.S.L. which corresponds approxi¬ 
mately to the position of the upper notch in the shore cliff profile of 
the lakes 

On the west side of Wilson Bay there is a tnarimd bench situated 
at about H.W.L.S. This seems to be the vestige of a normal Acre 
platfonn made by the same sea which was responsible for the upper 
notch of the lake cliffs. 

Low Levei, —^This is represented b^ the lower notch in the lake 
diore profile which is well preserved tn a gr^ many places. Next 
to the ni^ level bench it is the most characteristic feature of the lake 
shores. Its fx^tion is between 1 and 2 feet above highest lake level. 
Its exact pontton rriative to sea-Ievel (M.S.L. or Datum) could only 
be establiwed by an ifiitrumental survey, but indications are that this 
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notch is in a position corresponding to present ILW.L. and probably 
about feet higher than erosion notch produced by the action 
of the sea at presort mean sea-level around the outer coast of the 
island. 

This notch, too, must be a solution feature. It is in places several 
feet deep, although the destructive power of the waves of tnese mall 
lakes must be negligible. 

Features associate with this lower notch arc the lowest shell deposits 
and the limestone platform surrounding the lake shores. This is an 
erosion platform truncating dune limestones as is well seen on the 
north side of Government House Lake, near the Gmseway. It is 
dry in normal summers, when the lake level falls, In most places 
the platform is covered with more recently cemented calcareous sand 
and shell grit containing many shelly and other fossils as described 
above. On the narrow shelf between Lakes Bagdad and HerscheU 
an interesting "edgewise conglomerate" can be seen formed of broken- 
up thin laminae of dune limestone. 

No traces of this erosion level have been preserved anywhere along 
the outer coast. 

Information regarding former positions of sea-lcvd may be summed 
up in the following table; 
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On the mainland along the Swan and Helena Rivers Aurousseau and 
Budge (1921) established the presence of three erosion cycles, called 
Guildford, West Midland and Helena, each initiated by a eustatic 
lowering of sea-level. From Aurousseau and Budge's data it would 
appear that the sea-level stands were as follows: 

pre-Guildford. 22 ft. above present. 

pre-West Midland . 14 „ „ „ 

pre-Helena. 7 „ „ „ 

While there is no evidence on Rottnest Island of the pre-Guildford 
stand, the pre-West Midland stand is represented by the htgh-levd 
platforms, as indeed already suggested by Aurousseau and Budge, 
although as we have seen sea-level might have been somewhat lower 
than indicat^by those authors. The shell beds and undercut cliffs 
are correlated V Aurousseau and Budge with the Helena cycle, althoui^ 
they do not mention the existence of a double notch nor the presence 
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cf shell beds at greatly varying heights. It would seem then that the 
pre-Htletia stand corresponds to our intermediate level on Rottoest 
and is responsible for the upper notch of the lake shores and associated 
features* 

Evidence of the lowest 2 ft. stand has yet to be discovered on the 
mainland. 


Outfin* of Goological Htifory 

The oldest rocks of Rottnest Island are probably the coral reef 
limestone of Salmon Bay and associated rocks, dating back to one 
of the interglacial periods of the Pleistocene. Limestone forms the 
foundation of the island down to a depth of 200 feet below sea-level, 
but the nature of these rocks is not known in detail. At the time of 
the formation of the Salmon Bay reef sea-level stood at least 8 feet 
above the present, although it is, of course, entirely possible that the 
reef stood origir^y higher and was subsequently denuded to ita 
present level. Owing to some change in water level or temperature 
or both, coral growth was then interrupted and non-coralline limestone 
was deposited on the eroded surface of the coral reef. 

Subsequently sea-level must have fallen and the old limestone foun¬ 
dation greatly eroded and denuded and calcareous dunes were swept 
together on top and around the erosion remnants. At that time much 
of the shelf surrounding the present island must have been dry land, 
supplying material for the large dune formations which could hardly 
have be^ accumulated under present-day conditions. It is also 
evident that in many places these old dunes were deposited and covered 
with vegetation in a position below present sea-level. 

The dunes were heaped up in an irregular manner into ridges and 
hummocks of different heights. No doubt the dune topography 
extends below sea-level in the vicinity of the island and ^e many 
reefs near its coasts are but the tops of submerged and partly 
destroyed limestone dunes. A group of dunes in the south remained 
separated from a dune ridge in the north by a series of depressions, 
now reaching 30 feet below sea-level and occupied by salt lakes. 

In general it may be concluded that the dunes were built up on 
a plattorm the approximate outline of which is now indicated by the 
5-fathom line, because inside this line the sea floor is very irregular, 
but beyond it the bottom slopes away gradually to the 10-fathom line 
and farther (fig. 5). Also, 5 fatnoms is the maximum depth of 
Government House Lake. Other lakes may have similar depths. 

After the deposition and cementation of the dune limestones the 
sea rose to about 10 feet above its present level and from generd 
evidence elsewhere in Western Australia (Tcichcrt 1947a) there is 
reason to suppose that this rise was part of the general eustatic upward 
movement of sca-Ievel after the end of the Pleistocene. The group 
of calcareous dunes, now hardened into dune limestones, became an 
island, and the dune valleys described above were converted into a 
deep and ramified inlet of the sea. With its entrance facing landward 
and away from the direction of the prevailing winds, this inlet was 
in an esrtremely sheltered position and offered favourable living con- 
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deposited at a time wfaea lea-Ieyel stpod itp to 20>25 lest IdAet toaia 
now. 'Hiis correspo^ well wteh Zetntot's Lato MonalMnui lot^ 
for which ample evidence seems to exist m the MedHasaMeui, fa 
western Europe, and elsewhere (2ieoiier, 1945, p. 249). This wan 
the lowest of all the interglacial sea-levels of the FMapoO^ and 
belongs, according to 2euner, to the last interghidel perM (lUss- 
Wdrm). Tlv tiitie was about 125,000 years ago. 

The dune limestones would have been formed at the time of eustatic 
regression during the ensuing last glacial iceage (Wdrm). Thia 
conclusion seems entirely acceptable in the of the Western 
Anstialian evidence. 

(2) The geological evidence for this "Late Monaaterian” level may 
ea^y overlap with or be camouflaged by the evidence for the post- 
glacud, earl^ Recent, eustatic rise in sea-level of wfaidi, aa we have 
seen, there is also ample evidence in Western Australia. During thia 
time platforms were carved into the late glacial dune limestones and 
loose shells deposits mre heaped up. Inis coittcidence of die last 
interglacial ana the early post-glacial sea-levds is a factor whkh 
probwly deserves the greatest attention. 

Prom evidence in many parts of the world, including the AbroIhoB 
Islands, it has been concluded, as huleed first suggested by Daly, dttt 
the post-glacial rise of sea-level was of the onw of 15 or 20 feet,, 
but no signs of a sea-level higher than 10 or 11 feet have been 
detected on Rottnest Island No explanation of this fact can be 
offered at this stan. 

At regards toe lowering of sea-ievel after the high stand in early 
Recent tones it is necessary to call attention to some diserraandea 
in toe evideiice from Rottnest Island and from the Abrolhos Idands. 
From toe mode of arrangement and preservation of the younger corat 
shii^e beach ridra on some of toe Abrolhos Islands I nw been 
inclined to conclude (1947a) that toe mid-Recent and later subsidence 
of sea-level took place gtadpally and continuouslv during the last 
2,000 years or so and has now come to an end. On Rottnest Islaod 
as we have seen there is evidence of a lowering of sea-Ievd by thr^ 
steps, separated by two stillstand periods which have ten tfadr 
unmistakable traces in the cliffs Further liitot on this problem Can 
only be thrown by a more systematic investigation of toe mainland 
ooast of Western Australia h^emi Cape Leeuwio and GeraMton. 

Recent subsidence of sea-level by st^ rather than as a gradual 
phenomenon has been advocated by several modem writers . In the 
Pacific Steams (1941,1945) recognised evidence for a "five-foot stand* 
and a "twenty-five-foot stand" of the sea. In tiie Great Bar^ Reef 
Steers (1937) proved the existence of a 'lower bench* indicatiiig a 
recent S-foot nMative movement of sea-levd. In the Eaat Indiea 
Kuenen (1933) found benches at 5-6)4 feet and at 1)4-3 feet above 
"mean water level." The lower one of these benches it pmbaUy to 
be eorrehtMl with our tower notch of the lake abort profile of Rotttiest 
Island. 
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7— A Study of the Pdoeoioic Genus HttcpudU, with 
Description of Three Species from the Yeringion 
(Lower Devonian) of VictOfia, 

By EDMUND D. GILL, BJ<^ BJ>. 

[Read 12t1i December, 1SM6] 

Abstract 

Htrcynella is a primitive gastcropod which has previoui^ been u 

a puhnonate Evidence it put forward which luggetU tm it is m Aonoal 
marine gatteropod and not a puhnonate. This evidence de^ with its analogieB 
with other fossil foms, its mlogy, and the palaeontotogkal faistoiy of pul- 
manates Three species, including two new ones, are deicnbed* 

Taxonomy 

The classification of the genus Htrcynella is most difficult, and can 
never be fully objective, t^cause of the lack of structures in the 
cxoskeleton to provide clues of what the animal was like. Af^rcnt 
genetic relationships as indicated by analogy, and ecological considera¬ 
tions, are the only guides in its classification. 

History of thk Genus 

Emanuel Kayser erected the genus in 1878; its spraes range from 
Middle Silurian to Middle Devonian. Rarrande studied shells of thia 
Upe, but believing them to be vciy like the extant genus PiUdinm 
Forbes, used the generic name Pilidion in his manuscript. Kayser was 
of the opinion that Barrande was mistaken in referring his asymmetric 
shells to the above genus of extant symmetric fj^sterop^, and 
proposed the name HercyneUa. Pemcr pointed out that PUidion 
latinized becomes Pilidium and so should be rejected as a junior 
homonym; Knight has shown that in any case the name was already 
occupira. 

O’Connell (1914, p. 94) claimed that ’'since the species bohgmiea 
was the type of Rarrande’s genus, it remains the tjrpc of Hercyf^lla." 
This is apparently a reference to the description of H. bohemica aa 
genotype in Perner (1911, p. 270). However, Cossmann had already 
definw H. beyrichi as genotype (1878, p. 142), Knight (1941, p. 
146) has brought together information on the genotype of HtreyntUa 
as follows: 

^’Gbnotypb, by submuent designation of Cossmann, 1895 (p. 142) 

HercyneUa beyrichi Kayser, 1878. 

Objective Synonyms: 

1. PUidium Kayser, 1878 (p. 101), a honmiym of PUidemim 
Muller 1846, Forbes 1849, and Middcmibrf, 1851. Genotype^ 
by objective synonymy, HercyneUa beyricM Kayser, 1878. 

2, Pilidion Pemcr, 1911 (p. 270), a homonym of Pmdion Wagner, 
1830. Genotype, by objective synonymy, HercyneUa beyrichi 
Kayser, 1878." 
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Natuu of Exoskeuton 

Moft Hvfaig (uteropods have an cxoakcletoa which consists of a 
homy periostracum, under which are two byers of calcium carbonate 
(oitter layer caleito; iimer one aragonite), llie periostracum ia seldom 
preMtved on fossits. Many Hercyn^lla shells are exceedingly thin, 
H. kiWartmis (0,25 to 0.55 mm. thick), and if they were composed 
of caldutn carbonate alone, they would have been piactically useless 
as organs of support or protection. To have strength at all, it must 
have possessed, one imagines, a strong periostracum of some kind. 
The amount of caldtun carbonate apparently varied from species to 
species, as some of the Bohemian forms, for example, had quite thick 
shells. 

Surface features of the exoskeleton (generally called "ornament," a 
teim which does not express the scientific conception of these struc¬ 
tures) consist of (a) rawl lines or folds, and/or (b) concentric lines 
or folds. The cooceotric structures may be regarded as an hypertrophy 
of growth line structures. In most cases the characteristic fold of 
the genus may be mterpreted as an hypertrophy of a radial plica, hut 
in some cases it is curved without relation to the ornament. Knight 
(1941, p. 147), says that the fold may be on either the left or the 
right aide, an interesting point from the point of view of genetics. 

The tendencies towards radial and concentric ornament are developed 
to varying degrees in the series described in this paper. H, vktoriae 
has a radial omameitt of very narrow folds or plicae, ab^t one 
millimetre wkte at the maqpn of mature shells. They are plicae and 
not costae, because they mvolve the whole thickness of the shell, 
appearing on the steinkem as well as in the external mould. 

H, killartftsis has concentric undulations superimposed on which are 
radial ribs and concentric lirae. 

H, pita^oida has narrow concentric undulations and growth lines 
with very faint and fine radial lirae. 

Oeientation 

There is no way of determining for certain which is the anterior 
and which the posterior end of the shell, in H^rcynella, because of the 
lack of muscle scars, etc. Ana]og>' is the only aid. The patclliform 
and coniform shells described in Knight’s (1941) monograph on 
"Paleozoic Gasteropod Genotypes” were list^, and it was found 
that the orientation of only seven of some 21 forms was known for 
certain. It was noted that in all cases except Halophiala (whose apex 
is sub-central), there is a displacement of the apex towards one end 
or the other, and any inclination of the apex or commencement of 
enrolment is in that same direction. In the seven genera whose 
orientation is known, the apex of five is displaced anteriorly, and of 
two posteriorly. Genera of similar form in Davies' (1935) "Tertiary 
Faunas" were then listed and seven were noted to have a displacement 
of the apex (Htlcion and Acmaga were treated as the same genus for 
the present purpose, as their ehetls cannot be distingui^ed). In 
these it wu no^ tlM the apex is displaced posteriorly m five genera, 
and anteriorly in two^—the opposite from the palaeozoic general A 
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special study would be necessary to detemnne to what extent tbase 
figures are significant, but the followit^ points are worth matcing: 

(a) The nutnber of palaeozoic patelloid gen er a is much greater^ 

which is to be expected in view of the fact that the cone is 
the original fundamental shape of the gastertqxxl exoskdeton. 
levies suggests (1935, p. 209), that aU the extant patelliform 
shells have been secondarily developed from more usual 
forms. 

(b) That the displacement of the apex is the reversal in most 

genera, in the Tertiary, from that which occurs in most 
palaeozoic genera is interesting in view of gasteropod 
torsion, but the point needs further investigatioii anatomic^y 
and ontogenetically. 

It would appear that as the majority of palaeozcuc patelloid genera 
have their apices displaced anteriorly, the end of Hercynella towards 
which the apex is displaced, should, for the sake of description, be 
regarded as the anterior end. 

Ontogeny and Evolution 

Typical gasteropods develop a shell in the advanced larval stage, 
whi^, no doubt, acts as a protective organ. It is essentially a cap 
or cone which enlarges as the animal grows, i.e., as the membrane 
secreting the shell eidarges, it produces a lal^ge^ ^dl section. The 
original cap or protoconch widens as it grows and results in the cone 
shape. This fundamental cone shape is modified in every conceivable 
way; every stage is present between a slightly inclined apex and a 
fully enrolled shell. The enrolment may be in the same plane, giving 
a euomphaloid shell; or it may circle an hnaginaiy axis to give 
anything from a low spire to a Turriiella type. Sometimes the cone 
is coiled loosely and sometimes tightly. All manner of variations in 
so-called ornament are also to be found. These features were ap¬ 
parently all governed by genes, as they were inherited from genera¬ 
tion to generation. 

Now just as Linqida among the brachiopods has maintained the 
simple brachiopod exoskeleton (a dor'^al plate and a ventral plate), 
throughout almost the whole of the palaeontological sequence, so 
there is a succession of gasterofxxls wliich have maintained the simple 
conoid gasteroiKxl shell. Ucrcvnclla is a Silurian and Devonian 
genus whicli jwssesses a conc-like exoskeleton, not far from the 
gasteropod jirototypc (see Borradaile ct auett, 1935, p. 544). It has 
an erect apex as a nde, but the cone is mo^fied by a radial ridge 
and/or sinus. Its later ontogeny is portrayed in a series of growth 
lines which indicate that it began ns a minute cone which enlarged as 
the animal grew. The embryonic shell or nucleus apparently con¬ 
sisted of a micromorph of the adult shell. 

If the fundamental form of the exoskeleton of gasteropods is a 
cone, then it is to be expected that the earliest gasteropods wotild 
conform to this paltcm. Cambrian genera su^ as Helcionella^ 
Hypseloconus, Metomma, Paiaeacmaec, Parmorphetla, Proplina^ 
Scenetla, and Tryblidium are all patelliform or coniform slheDs. A 
succession of similar forms can be traced through die various 
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geok^cal periods, although the p[enetic relationships of these genera 
have not yet been fully determined. However, the relationship of 
Hercynella to other genera will now be discussed. 

Genatic Relatiofiihipe 

Symmetry is a major concept in zoolc^. The prototype gastcropod 
exo^leton was ^parently a ^mmetrical cone, but modi&ations of 
the cone lead commonly from a radial to a bilateral symmetry. The 
genus Hercynella comprises a group of species which are strangely 
asymmetrical, chiefly because of an eccentric apex and a curious fold 
and/or sinus characteristic of the genus. Apparent evidence of a 
previous bilateral symmetry is seen in an early form like //. patellir 
formis (from the Bertie Watcrlime), whose apex is not far from the 
centre, whose outline is regular and not far from the circular, and 
which has no sharp sinus or elevated fold, but simply a slight inward 
flexure. 

Early workers were by no means certain as to what the relatWnishipa 
of Hercynella were. Fischer put the genus in the family Fisstti' llidae, 
but commented that it was impossible at the time to classify 
Hercynella. Kayser compared Hercynella with the Patellidae and 
Capulidae, while Pemer provided support for a comparison of the 
genus with the Tertiary gastcropod Valcnciennesia, a puhnonate which 
has a very definite groove on the left side accommodating a respiratory 
tube (see Davies, 1935). Subs^uent writers seem to have accepted 
this hypothesis without re-examination, and looked upon the fold in 
the shell of Hercynella as homologous with the pulmonary groove^ of 
Valenciennesia. But the fold may, in reality, have no such biological 
.significance, because: 

(a) In H. patelliformis the “fold” is but a very shallow sinus 
almost on the longitudinal axis of the shell. 

<b) In ff. vicioriae it is a simple fold in the shell with a concave 
flexure on each side, sharper nn one side than the other. 

^c) In H. peiasoida there is a fairly sharp fold and a sharp sinus 
brt they are not contiguous. 

(d) In H. heyrichi, the genotype, there is a sharp curved fold, 

•(e) H. bohemka has a curved fold, but it is not a raised convex 
feature, but rather the surface of the shell dropping in and 
continuing at a lower level. 

ii) In some specimens of //. nobUis, there arc two folds almost 
opposite each other (Pemer, pis. 47 and 49). 

-(g) In the young specimens of some species (e.g., //. bohemka), 
the fold is almost indiscernible. 

(h) In M peiasoida and H killarensis, spp. nov., the shell is 
modified by both a fold and a sinus. 

There arc a large number of variations, and, in some species, the 
structure may appear on either the left or the right side of the median 
axis. It is apparent from this brief description of the variation'^ in 
Hercynella tiiat there is no clear homology between the fold in ’ic 
shell of this s^us and the well-defined, consistently-placed respiraic -y 
groove of l^enciennesia. 

Further, there is reason to believe that the genetic relationship' uf 
Hercynella arc with contemporary fully marine gasteropods rallier 
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tiiao with the Tertiary ^tti Vtdtndenntsin. HircyntSn ranges frons 
Middle Silurian to Mi(We Devcmian, but appears to have readied ita 
acme in the Lower Devonian. Contemporary genera possessbg a. 
aitnilar type of exoskeleton are CaUocwUt Ufihonychtat and 
CTMcibuluin, CaOoccntu Pemer (genotype from the Lower Devotiiaii 
of Bohemia), is a gasteropod with coniform shell, eccentric apex tQted 
slightly anteriorlyC?}, outline of aperture broadly 8ub-«{lifmcal» and 
shell thick with concentric undulations; there is no fold or sinus as in 
Hercynelbk However, Hercynella killarensis 9^ nov., has an eccea-' 
tnc apex tilted anteriorly and concentric undulations. Orthonyckia 
Hall has a shell in the form of a high cone (hom-shaped), with 
inclined, but not coiled, apex in the simpler form (e.g.. the genotype)^ 
but having radial folds and some other modifications in other 
The genotype comes from the Lower Devonian of United States of 
America, rrocnuibulum Pemer (genotype from Bohemian Lower 
Devonian), is a gasteropod with a pateUiform ezoskeleton hay^ a 
slightly twisted apex, and a low sha^ ridge rising in the apex inside 
the shell and passing clockwise in a very gentle smral, confonnaUe to 
the twist of the sh^ but dying out before reaching the margin. It 
is to be noted that this is not the coiling of a cone or tube as in a 
t 3 ^cal gasteropod; but, rather, a twist in the cone itself, reflecting a 
twisting of the visceral hump—a most interesting fact in view of 
gastero[M>d torsion. 

It would appear, then, that in the genera Calloconus^ Ofihonytkia,, 
Procrudhulum, and Hercynella, we have four related varianu of tiie 
primitive gasteropod cone, the nearest to which in known fossils is 
ralaeacmaea, whose genotype comes from the Cambrian and whose 
species stretch into the Ordovician and may be Silurian. 

The Coffocofiur exoskcleton presents a bilateral symmetry, having 
lost the original radial symmetry by having an aperture with a sub- 
elliptical in place of a circular outline, and also an apex inclined ( ?) 
anteriorly; this is the first stage in the enrolment of the gasteropod 
cone, efrthonychia has this same commencement of coiling, and some 
species have radial folds in the shell. 

Procrucibulum modifies the simple conoid exoricelcton by being 
slightly asymmetric and having a twist or torsion. Hercynella pos¬ 
sesses tyiHcally an asymmetric apex, and is made still more asymmet¬ 
rical a radial ridge and/or sinus, which occurs on one side or other 
of the longitudinal axis. 

The foregoing facts suggest that Palaeacmaea, Calloconus, Ortho- 
nychia, Procrucibulum, and Hercynella arc, in some wav, ^etically 
r^ted. But the last-named genus has hitherto been clas»fied as a 
pulmonale. I am of the opinion that Hercynella is a fully marine 
gasteropod and not a pulmonate. This hypothesis is based upon its 
apparent metic relationships as discussed above; its ecolc^; and the 
pMContol^cal history of pulmonates. 

Pelatoecology of Hercyndia 

The genotype of //rrcyfie/ib is derived from the Hercynian fauna 
of tiie Harz, which is partly Rhenish and partly Bcdiemian in its faciei. 
As far as the author is aware, Hercynella has not been found in beds of 
purely Rhenish fades. The largest Hercynella fauna in both species 
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and numbers, comes from Bohemia, frmn whence also, it is bteresting 
to note, come the ffenotypes of CoUocemujr and Proerucibulum. The 
facies of these becu is mdisputabty marine ofF-shore. The only way 
in which a pulmonate gasteropod could occur in these beds would be 
for it to have been transported there from die shore (if an air- 
bresther), or from shallow waters (if a secondary pulmonate), by 
ocean currents. If this were the case, the shell would riiow signs of 
die wear and tear of transport. Moreover, one would not expect to 
find many tndividualB present, as it would only be an occasional sheTI 
whidi would be so transported. As far as can be discovered from 
die literature, there are no signs of current bedding in these strata, 
the diells do not show the wear and tear of transport, and the indi- 
vidiAls are numerous, there being present fifteen species, some in 
•comparatiyely large numbers. 

This evidence of the fades of Hercynella is well supported by the 
results of a study of the fades of &e Lower Devonian fruma of 
KiOaia, Victoria, from which the species described in this pa])tr were 
derived. At Killara, three fades can be distingfuished: 

(a) A near-diore fades, the rocks consisting of quartzites and 

sandstones. 

(b) An off-shore facies, the rocks consisting of mudstones and 

very fine sandstones (they look like mudstones, but grit 
on the teeth). 

(c) A pelagic fades, the rocks consisting of thinly-bedded mud¬ 

stones (some white), mth a pelapc fauna including very 
numerous minute Styliolina fissurella. 

It is in the second, the off-shore fades, that the spedes of HereyneUa 
described in this paper have been found. The fauna (so far as it 
has been worked out), consists of the following: 

TRILOBITA 

Acamthepygi australis (McCoy) 
bowisi 
C. kiUarensis Gill 
Grovicalymms ip. 

OdoniocniU sp. 

Odenteplenra sp. 

Pkacops aff. fscundns Bsrrande 
Phacops sp. 

BRACHIOPODA 

Acrospirifer (?) lUydaUnsis (Chspmin) 

AnopUa oustraHs (HIl 
A withersi Gill 
Chonrtes bowisar Gill 
C fobusta Chapman 
C. psUopHa (;ilf 
C. killw’snsis (Hll 

DalmansUa aff. eUfoatuia (Dalman) 

PaseicosUUa gervuM Dcfrancc 
Hipparwnyx ndmor CUrke 
Ltptasna rkewboidalis (Wilckeni) 

NntUaspka amsfralis McCoy 
Piectodonta biparHta (Chapman) 

FELBCYPODA 

Conowdmm bslMum (Crenwcll) 

Ctsnodonta pertlocki (Chapman 
Cfpricatdinkt toniexia Banrande 
uytdarta ocudxgstns Chapman 
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Nuada lameUaia Hall 
NucuHiu maccoyiatms Clyvnitaii 
Nuculoidea opima amstraiis (Qtapman) 

Tancrediopsu raricosiat (Qiapmao) 

GASTEROPODA 

^BiUerophoti faseiatus Llmlttroai” 

Euampkolus centrifugaUs Chapman 
Hercyneila kiUareneu, ip. nov. 

H. petojoida, sp. nov. 
a victoriag Chapman 
"Plturoiomand* weccoyi Chapman 
Scalsitrockus cntiguus (Creuwell) 

OSTRACODA 

Beyrickia cf kloedeni McCoy 
B Itgatura Chapman 
B tnaccoyianus australtag Chapman 
B. woortyallockensis Chapman 

ANTHOZOA 

"Liuditrogmu^* amph Chapman 
ygringar Chapman 
Pleurodiciyum rnggastomum Dun 
OTHER ANIMALIA 

Conuhria chapmam Fletcher 
FcnestrelHna margmUifera (Chapman) 

Undet orthoceracones 

PLANTAE 

Medeia terymhesA Cooing 

Of the above list (covering fossil localities 33, 34, and 35—see Gilt,, 
194S, pp. 179, 183-184), the trilobitcs and brachiopods have been 
critically studied, but not the other gfroups. However, the names 
given are quite sufficient to indicate the type of fauna. There arc a 
number of strophcodoutids and spiriferids (not the heavy, costate, 
near-shore types), yet to be named. The gasteropoda arc not common 
and Hercynella itself is rare. The other groups, as such, arc pIcntifuL 
The plants were probably swept out to sea by some river, as Hedeia 
is definitely a land plant. Th^ occur mostly as broken, unidentifiable 
fragments. In spite of a great deal of collecting, only one determin¬ 
able fragment has been found. Plants have been collected also in the 
Bohemian fauna at Lilydale. 

Chapman (1917, p. 126) claimed that because the Hercynella shells 
are thin, they suffered from calcium starvation brought about probably 
by dilution of the sea water with fresh water, and by the deleterious 
effect of mud from terrigenous sources. Although the Hercynella 
shells at Killara are thin, those of the bradiiopods and pciecypods 
are not; no difference being noted between those at Killara and Aosc 
elsewhere. Thick-walled Pleurodiciyum and Lindstfoemia indicate 
that there was no lack of calcium salts in the sea water. Moreover, 
although plants may have drifted out to sea to be associated with the 
fauna, it cannot be regarded as an area in which the currents of a 
river were felt. This is shown by the fin^ess of the sediments, 
indicating quiet if not deep water; the lack of current bedding, and 
the presence of a normal off-shore type of fauna. The thinness of the 
Hercynella shells is therefore to be regarded as due to genetic constitu¬ 
tion and not to ecological conditions. 

The fact Killara possesses a Bohemian type of fauna makes 
it very probAle that the well-preserved species of Hercynella found 
there are normal marine gasteropoda and not pulmonates. Being so 
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thio-shelledf they could probably not stand up to the conditioni of 
the more turbulent near-shore fades affected by tides and currentSi 
and they could certainly not stand up to much transport when empty. 

PAtAJSONTOLOCICAl, HlSTOaV OF PULUOKATES 

It would appear that certain Tertiary forms which closely resemble 
■extant pulmonates belong without doubt to that class. Unfortunately* 
zoological definitions cannot be applied to fossil pulmonates, and so 
analogy has to be one’s guide. 

But there is no genua which can be readily referred to the Pulmonata 
earlier than the Mesozoic. Anisomyon (a form which the author has 
ngt been able to studyl is classified as a pulmonate, and dates from 
the Jurassic. The indubitable pulmonate shells date from Tertiary 
to Recent. As far as the writer is aware, no gasteropoda have been 
referred to the Pulmonata between Hercynella in the Middle Devonian 
and Anisomyon in the Jurassic. This lacuna calls for explanation; 
the iznperfection of the palaeontological record does not appear to be 
a sufficient answer. 

In addition, there is good evidence for believing that aqueous pul- 
monates have secondarily returned to that enviroivnent Pulmonates 
in a water habitat have the *‘lung’' filled with water, and apparently 
oxidation is effected through the membrane lining that or^n and 
through the other surfaces in contact with the water. Such pulmonates 
may be termed secondary pulmonates^ Most of these arc freshwater 
forms^ but some are marine, and arc founfl in water up to 10 fathoms 
deep. 

Now if Hercynella is a pulmonate, it must be regarded as a secondary 
pulmonate, because it is found in an undoubted manne environment. 
But that the ancestors of Hercyficlia left the sea, evolved the pulmonate 
structure, then leturned to the sea by the Middle Silurian is altogether 
unlikely. Pulmonates on land would depend on land plants for food. 
No land plants older than Upper Silurian arc known, and in most 
areas they have not been discovered earlier than Lower Devonian. 

There is thus strong cumulative evidence from the appaient genetic 
relationships of Hercynella, its palaeoecology, and the general 
palaeontological history of pulmonates, to support the hypothesis that 
Hercynella is a normal marine gasteropod and not a pulmonate. 

Description of Species 

A single species of Hercynella has been described from Victoria by 
Chapman (1916), who also commented on the ecology of the genus 
(1017) Other passing references to the genus have been made (Chap¬ 
man 1906, 1908, Chapman and Thomas, 1935). Further collecting 
has brought to light other specimens of this species, and examples of 
two new species, which arc now described. 

Hf-acYNCLLA viCTORiAE Chapman 
[Plate VII, fig. 4] 

Chapman 1916, pp 99-100, PI. V, figs 47, 4a 

Hoi^yit This is the stcinkem of an almost complete shell in grey 
mudstone from Same’s Tunnel, Killara (loc. 34), and is Reg. No. 
12858 of the National Museum, Melbourne. 
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Stkatiokaphic Poutioh. Yeringian (Lower Devonian). 

New Deecbiftion or Kounvn. Apex erect. Apoture 
oval. Lon^tudinal profile as seen in fig, la. The keel rbaracterisbc of 
genus is on the holotype strau^ prominent, and widi an fanvard 
flexure of the shell on ea<^ nde. Ilie measurements are; 

Diameter through keel. S.l cms. (Incmiqiilete) 

Diameter at ri^ angles to above .. 3.1 cms. (ineom^^ete) 
Heijg^t. 1.1 cms. app n a a matdty • 

The ornament consists of very fine folds (they nnitt aflect the whote 
thickness of the shell because they occur on both the steinkeni and 
the external mould), about IS per centimetre. It is faint near Ihe 
afex but becomes defined at the margia Somewhat ifiscoathmona. 
concentric growth lines present. 

Comment. As Chapman has odd, tfiia form is moat like H. radimw 
of the Bohemian Lower Devonian. It is similar in ornament, and 
in beiog a flat type, but differs in the positioo and nature of the apex» 
and in the shape of die aperture. 

Chapman's paratype (Reg. No. 12857 in the National Museum, 
Mdbourne) is a crushed specimen which shows the nature of the 
ornament more clearly (14 ribs per cm. were counted). 




Fiflnn 1. 
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HvpcrrvPE (PI. VII, fig. 4). A well preserved specimen of this 
q)ecies has collected frmn Sjme’s Quarry^ Killara (loc, 3S)> 
and is now desenbed as a h>potypc. It is a stci^ern in brown mud- 
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«totK» and is Rtg. No. 1935 of tbe collection of the Department of 
<kolo|y, Univeruty of Melbourne. The specimen was collected by 
Mrs. Bowie, of Killara. 

STtATiGtAraiCAL Position. Yeringian (Lower Devonian). 
DnscurnoK of Hyfotypk. Patdliform exOskeleton, with eccentric 
apex (damaged, but probaUv erect). Aperture quasi-circular. Keel 
chararteristic of the genus formed fold extending fron to 
nmrpsk^ and with broM inward^ ftexure on each side. The perimeter 
of the shell on the fold side is* incomplete, but the measurements of 


the B ptd s oe n as it stands are: 

Diameter throi^ fold... 6.0 cm. 

Diameter at right angles to above .. 52 cm. 


Distance of apex from mt end of second diameter 

...about 1.0 cm. 

Height of apex above plane of perimeter .... about 1.5 cm. 

The ornament (ai seen on the steinkern) consists of fine radial 
folds which are hardly discernible in the region of the apex, and 
which gradually widen towards the perimeter of the shell. Some 
bifurcate towards the margin. There are about nine folds per centi¬ 
metre at the margin on side opposite the fold or keel, llie folds 
are finer where the perimeter comes nearer the apex. The d»res- 
sions between the folds are about half the width of the latter. There 
are a few incomplete fine concentric ridges which apparently represent 
slight variations in growth rate. The longitudinal profile of the shell 
is shown in fig. lb. The small distance bkwttn steinkern and mould 
(seen when clearing the fossil) indicates that the shell was thin, 
nearer the edges at any rate. No muscle scars discernible. 

CoMMr.NT. This s^cimen shows the nature of the margin of the 
shell on the side on which it is incomplete in the holot^, viz., it is 
broadly rounded. The ornament consists of folds which affect the 
whole thickness of the shell; this corrugation would give added 
strength to the thin rxoskeleton. 

It will be noticed that the hypotype has a larger ornament at the 
margin, and that the mcx is in a relatively different position from 
that in the holotype. Both these things arc probably mainly due to 
the larger size of the shell. If the ornament on the h 3 rpotype is 
tneasur^ at the same distance from the apex as is the margin on the 
holotype, it is found to be about the same. Further, as the anterior 
side of the shell is steep and the posterior shelving, it is clear that 
with growth the relative position of the apex will be nearer the 
anterior margin (sec p. 81 ) for orientation accepted for these shells). 
This does not explain all the diflFerence, but when a larger series of 
specimens is available, it will be quite easy to settle these points. 

Hercynella petasoida, sp. nov. 

[PI. VII. figi 1. 2] 

Type Material. S^types consisting of the external mould (Univer¬ 
sity of Melbourne, Dttrt. of Geology, Reg, No. 1934) and internal cast 
qr steinkern (Reg. No. 1933) ot a sp^men complete but for part 
of the margin; preserved in bluish grey indurated mudstone from 
Syme's Tunnel, Killara (sec Gill, 1945, p. 179, for locality). 

Stratioraphical Position. Yeringian (Lower Devonian). 
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Description. Dq>rcs5ed conoid; anterior-posterior profile u lc» 
Apex rather accentuated through slight crushing (to be expected 
owing to thinness of shell), erect, nearer one margin tlum other, ix*, 
eccentric. Aperture 5ub-;ovaI. Conicoid sh^ interrupted by both 
a keel (devatra) and a sinus (depressed). The angle between these 
is approximately 70^. Both keel and sinus extend from the apex 
to the perimeter. 

The ''ornament" consists of a number of fairly complete cmcentric 
ridges; these appear to be accentuated growth lines. There are also 
BOoie very faint radial lines, which are very much finer (about S per 
mm.) ttm the prominent radial ornament of ff. victariae. 

Measureuents. The radius on the side opposite to the ked is 2.5 
cm. The shell is about 1 cm. high. 

CoifiiENT. When collecting the fossil, 1 thought the sinus was an 
artefact due to crushing, but apparently it is a genuine feature. like 
H. victoriae, this form has an erect apex, and in this differs from 
H. killarensis, sp. nov. The trivial name is derived from the Greek 
and Latin word petasus, a broad-brimined bat. 

HeRCYNELLA K11<tAREN81S, Sp. noV. 

[PI. VII, fiff. 31 

Type Material. Holotype, consisting of a steinkem in grey 
indurated mudstone, from Sytne*s Tunnel, Killara (Gill's loc. 34). 
Specimen complete except for slightly broken margin. Collected 
Mr. F. Chapman and housed in National Museum, Melbourne (Reg. 
No. 14524). 

Stratigraphicai. Position. Yeringian (Lower Devonian). 

Description. Patelloid; anterior-posterior profile as in fig. Id. 
Aperture sub-oval. Apex eccentric, blunt, and inclined anteriorly. 
Radial ked or fold extends from the apex to the margin, and ia 
straight; it is rounded and there is an inward flexure of the shell 
on each side, that on the anterior side being more pronounced. There 
is a clearly defined but shallow sinus on the anterior side of the ked; 
the angle between the two is about 70^. A conspicuous outward flare 
of the margin where the ked meets it is present as in H. bohemica. 

The ornament consists of a series of concentric undulations. There 
are traces of a very fine radial ornament. 


Measureuents. 

Diameter through ked. 5.5 cms. 

Diameter at right angles to this. 4.5 cms. 

Height .. .about 1.6 cms. 


Comment. Inis species is very interesting in that the apex is not 
erect, but incipient enrolment is present as in the allied genus Col- 
loconus. The occurrence of a sinus as wdl as a ked, as in //. petasoida, 
sp. nov., indicates a relationship with this species from the same 
locality. H. killarensis differs from H. petascida chiefly in having a 
non-erect apex and a different type of keel. In shape the new species 
resembles H, nobUis Barrande, which has two keels instead of a keel 
and a sinus as in this species under discussion; there is also a similarity 
of ornament. The apex in H. nobilis is very blunt as in H. kiOarensis, 
but is apparently erect. 
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Ift tide palaeontolosicat collection of the Geology Dept, of the 
Ufnversity of Melbourne (Reg. No. 755), there is an external mould 
of kiOarensis which stiows the concentric undulations clearly, and 
superimposed on these there are concentric lirae. There are traces 
of these on the holotype steinkem, and are probably better developed 
on this specimen bcttuse it shows the outside surface of the shell. 

It is to be noted that in H. nobilis there are slight variations in the 
degree of development of concentric undulations and lirae, and of 
radial lirae. 

HEBcyNEti.A sp. 

In the National Museum. Melbourne, there is a crushed specimen 
of Hercynella from Ruddock’s Qtiarry, near Lilydale (Gill’s loc. 20). 
There is a more or less complete steinkern (Reg. No. 14525) and a 
piece of.the external mould (Heg. No. 14526). It measures about 
5)4 cm. through the fold, and about 3.7 cms. along a diameter at right 
angles to that. The fossil has the conspicuous radial ornament of 
//. victofiae, but at the distance from the apex where that species 
has 15 ribs per cm., this ^ecimen has 21. Its chief interest is that 
it occurs in a different district, and constitutes another facies and 
stratigraphical link between the Lilydale synclinorium and the Killara 
sjrnclinorium. 

Stratigraphy 

The species of Hercynella described in thb paper have come from 
the two main outcrops of Lower Devonian beds of Bdbemian fades 
in Victoria—Lilydale and Killara. None has been found in the areas 
of outcrop of Lower Devonian beds of Rhenish fades, such as at 
Kinf^e. Once again, too, the forms most like those from Lilydde 
and Killara arc to be found in the Ijowcr Devonian beds of Bohemia. 
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IKMd ua Dccen^ov IMt] 

hfroducKee 

In 191S W K. Grtgoiy t atpres atd tb« opuiioa that the DqMiai and 
GpoiiO|pteiy|||in0e were demred from a common anCeetor Since then 
fnhwfnfafcgttta have dbown an mcreasmg tendency to rmrd the latter 
aa the auccatpra of the tetrapoda This bdicf la given very 

dhQmte i kprea e k m fay Jarvik (1942) who denvea the Umela from 
one ooi a opt ei ygiaa froop, nnd the Atitira fiom another 
la their recent contrOMiticina to the problem of the origin of die 
te trap oda pa l a en tolof ie ta have devoted a great deal of a ttenti on to 
■ttempta to ^^reatm^ the aoft anatomy of die foaaila In vmr of die 
fact mat them lu|d>^ apeculative atmhea are receiving more dian a 
paaemg recog ai don, a critical examination of the wok aeeina to be 
called for 

The preaent con Uifa n ti on la divided into diree acctiona The first ta 
an atten^ to aaaeao the value of the medioda of the palaeontologista 
bf ttpiyntf them to recent forma The second seettoQ u devoted to 
met f tvi e w a of some of the cootnbutkma The durd preMnta 
evidence which, it ta b eli e v ed, mdicatea that the dawn of die tetrapoda 
probably antedated the appeamnee of the Croaaopterygia. 

SacHon I 

Tbs Factual Evubckcx 

This la of ooorae, provided by the foaaila themadvea The akuUa 
provide (1) dermal dudd pattema, (2) neurocrania or aeurocranlal 
casta, (3) the bones of die palatoquadratc and (4) branchial dedeton 
In additum, dements of the rkeletoD odier than those of die head nuiy 
be available for studv, but these enter so little into p h ylogenetic 
studies that they mw ne n^e ct ed here 

(1) The Dermal Shidd when complete la usually charactenstic of 
the dasa to wiiidi the fossil bclmigs and by comparison with these, 
the less complete apecunens can, m the majority of instances, be iden- 
hfied with a good deal of confidence 
The value of the dermal ahidd patterns for phylogenetic studies 
may be tested by attempting to determine die natural daaaification of 
die recent forms on such evidence and sudi a test throws the gravest 
doubt on their value 1 have illustrated (Fig 1) the dermal shtdds of 
several acanthopterygians It is sugrated that if these had been 
foanls It would not have beoi possSle to recognise that they were 
closely related forms cm this evidence A very marked lUtistiation of 
diis unrehability of the dermal shield patterns is provided by those 
of Acciptnstr and Pclyodon or Psephuruj There is no doubt that «f 
we were to attempt the natural classification of the lower tetrapods 
and fishes on the evidence of their dermal shields we should fail 
completely Thera u no reason for beltevtng that the Dermal Shulds 
of the fosstls are mey more reliable 
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(2) The NeurocranU atid thdr attached aei^ cipsulcs, like the 
dermal bone^, are characteristic of the clasa ^ wiich ^e fosril 
belongs. Eapectally is this oo if the beondsrieB of die ccMUponeiit 
and covering bones can be detennined In the hbschie of these 
boundaries, or, in other words, if known from casta showing contaurs 
only, the specimen may not ht readily identifiable. It is difficult to 



Ftff 1—Tbe Dijmal ZttMir-Miternf of wwn AcanttaopUmEftn ftdi. A Luotobitiii. B. 
Cupwldes. C AnabM, D latlophorus, B DMtylopteruB, V. Thiuuiui, 0. HcUio- 
bnaehof 1A11 from Gmsoiy, 1PM). 
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fnihe «^vu^p*ri«on bctwecip At foM^ Mtoitl Md the neent, ktetm 
ivbepi f)ie 4ndl of « repeat fcwm it taken in Iwnd, all like detaiU of m 
OjPcWtoct uf e be tnidiod. If ia probable, if the ocurocFanium of 
ouch a 64i aa iWooitf were foond devoid of all suture Uncs between 
tbc bo nes , it would not be Identified as that of the fish. The skull in 
noestfam is platybaaic, devoid of a piyodome, and it is one of the veiy 
few fish in which the outer wall of the trigemino-fadalis chamber tt 
missing. 

(3) Hie Bones of the Falato-auadrate are remarkaUv constant in 
wmmr throuj^umt the whole ot the vertebrata, but they are 
variable in degree of development and arrangement. Notwithstanding 
this variaUHty, each arran^enE^t is, in the majority of instances, 
characteristic of a particular class. In the fossil, as in the recent 
forms, these bones usually permit a ready recomition of the specimen, 
but, as with the dermal diield pattern, it would be quite impossible to 
arrive at a natural classification of the r^ent tetrapods and/or fishes 
on the evidence of the bones of the maxUlo-palate alone. 

When they are present along with the whole of the bones of the 
netirocranium, then, in the fossil specimens as with the recent, they 
may be used for phylogmetic studies, and with the same limitations. 
The limitatkms in question are those due to a lack of knowledge r 
the soft anatomy and embryology of the specimen These limitations 
have been recognised by the palaeontologists, and they have attempted 
to “restore" or “reconstruct" the soft parts. 

The Restoxatioxs 

These have been devoted to atten^pts to visualise the brain, the 
constitution and distribution of the cranial nerves, the location of 
main blood vessels and die cephalic musculature. 

(1) The Restoration of the Brains of the fossils has been carried 
out under the direction of two factors. The first of these is the 
shape of the cranial cavity, the second is the restorer's own belief 
as to what the brain should be like. The brains have been roughly 
fitted to tbc cavities, but their contours within the cavities have been 
determined by the affinities which the fossil was believed to exhibit. 
Thus, if the fossil, known to be a fish, was believed to show amphibian 
affinities, the detailed form of the br^in was made to show similar 
affinities The influence of this second factor was quite unavoidable. 
The mould of the cavity itself does not give any details of brain 
form, and these must, therefore, be filled in by the restorer Tt is 
obvious that they cannot have been filled in haphazardly, the work 
had to be carried out according to plan, and this will, very certainly, 
have been dictated by the convictions of the restorer In effect, the 
restoration is a pictorial presentation of the fallowing statement-— 
The general form of the fossil mdicates that it was probably allied 
to the class M. or N, and, therefore, its brain will have had the 
general form of that of the members of the group All the detailed 
woric which has gone into the restoration does not give it any greater 
value than this bald statement would have had. 

Watson (1925, p. 848) wrote "the cerebral hemi^eres, if we 
tnay judge from the character of the chamber in which they lay|* 
were of a certain shape. The value ot all these restorations of fossil 
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brains rtsts tipob tke correctness or cAberwise of the attuqhptbn made 
in thu sentence, and thb is an assumption isbich may tie t e sted by 
comparing the brains of recent tower tetrapods and ftdiei with mo 
chambers in whkh they lay. 

The mould of the cavities present in die neurocranium of Poro- 
dicickikye venenatui, Whiteley, is depicted below (Fig. ^A). This 



is a typical acanthopterygian, and the bram had the form shown 
(Fig. 2C). The mould recalled so strikingly that of MegaUchtkys 
that it was deemed worth while "restoring" a brain to fit it ^ig. 2B). 

The next drawings present two views of the cast of the cavities 
in the neurocranium of Amia, and a “restoration" of the brain (Fig. 
3). 

In this case, as in that of Faradiachthys, all cartilage and connective 
tissue was removed before the mould was made, in order to reproduce 
conditions as they would be in a fossil. 

The making of these moulds and their illustration may appear to 
some as a work of supererogation, because they illustrate a fact 
already well known to practical comparative anatomists, vis, that 
the cranial cavity does not reflect the shape of the contained brain 
except in the theria. Not only is the mould of the cavities not like 
the contained brain, but it is very commonly very unlike it This is 
due, of course, to ^e fact that the brains of the lower tetrapods do 
not nearly fill the cranial cavity, but are suspended, commo^y well 
away from the walls, by loose, open-spongy connective tissue. In the 
case of the fossils, the moulds of the cranial cavities are likdy to be 
even more misleading, because the cavity in many forms is limited 
by cartilage and/or connective tissue. If this had him so m the fossil, 
the cavity as found would be quite unlike that in which the brain was 
housed. 
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It IS to be concluded that these restoraboos of the fossil biam 
may bd quite unlike the ori|uial bram and should not te regarded an 
other tfam jdctonal expressiona of opuuon 

(2) Ilie TShie of the restoration of the Constttution and Distnbu- 
tion of the Cranial Nerves and oi the blood vessels of the fossils 
cannot be tested by atteoiptuw similar exeaises with recent forms as 
the subject The reason for this is that there could be no doubt about 
the identity of the specimen upon which the test is to be made Pro 
vided the work was undertaken by a competent anatomist it would 





Fig a A litriml mad B Yvntnl rlew* of m mat of tho ora&Ul oftvtf of Amlo. C 
I mtm ol Tinr of tho b a n « *vto «d o ilt ha car tf 

be approximately c rrect in every instance This very fict however 
throws grave doubts q n the vnluc of uch leslor-ibons in the case 
of the fossils fhe work on the recent forms would be correct because 
the restoration woul 1 follow the well known arrangement of the 
nerves and blood \es')elb in related forms In f-ict it would be 
dictated entirely by a knowledge of the anatomy of the other forms 
In preciselj the s me way the restoration of these things in the 
fossils has always been dictated by a knowledge of the anatomy m 
forms to which it is believed they were related It would be quite 
impossible to attempt the restoration of the anatomy of a fossil except 
under such direction 
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It follom that they are nothini' ntor^ than p |!*<e ^tik wa 

of oMivicHona as to the rdatkm of the fonilt to onto lonas-^ 
"Since tots fossil appears to be rdated to M. or m ^btrSHitiMt 
of its nerves and blood vesaets was probably wmilar to that Of thoao 
fonns.” 

(3) The Restoradon of the Cephalic Mnaciilatnre may be noder- 
takea with a good deal of confidmce if the attempt is confined to 
the muBcles of mastication. The skeleton will present the piechanicat 
factors in the problem, and over and above tbU the actual points of 
orimn and/or insertioa are at tones impressed iqion toe bones. Here 
agra, however, one must be guided in toe work by the number and 
general dispositicm of the muscles in related forms. If, fw instance, 
toe attempt were made to restore toe mtucles of a crocodile, under the 
impression that toe specimen was an amphih iBii, toe result would be 
quite astray from reality. On the other hand, assuming that it was n 
reptile, the result would, in the hands of a compe^t anatomist, 
approximate closely to actual conditions. 

Once more toe work must be directed by a knowlet^ or assump¬ 
tion of the class to which the fossil belongs. "Because tois is a member 
of toe group M. or N, the arrangement of its musculature was 
probably similar to that of toe meml^rB of the group ’’ 

It 18 miite clear that these restorations are all very largely dictated 
by beliefs or convictions already held before they were uMeitaken. 
They are toe result of convictions, and, therefore, should not be 

a uoted as evidence in support thereof; they are not evidence at all, 
^ey are opinions. Too ohen in our endeavours to understand the 
way of evolution we are compelled, for want of definite evidence, to 
say, in effect or actually, "if this be true we may further assume.** 
Although regrettable, this procedure is permissible so tong as toe 
"if** is properly recognised. When the argument continues‘—in fact 
this cannot have been otherwise — it is neither permisnble nor 
excusable. The second statement cannot be accepted as fact if baaed 
upon an assumption, and it should not be presented as such. I quote 
three examples of this reprehensible practice. 

Watson (1925, p. 848): "the cerebral hemis(toeres, if we may 
judge from the cliaracter of the chamber in whidi they lay, were 
long and of considerable size. In fact, the brain as a whole cannot 
have differed greatly from that of Ceratodus or an amphibian.** 
Romer (1937, p. 34): ‘'It is obvious that the bram as restored i* 
essentially similar to that seen in dipnoans on the one hand and 
amitoibians on the other; thus, the neurolodcal evidence, as far as it 
goes, agrees with all other lines of work tending to indicate toe 
close relationship of crossopteiygians with the two groups. Of par¬ 
ticular interest is the fact that the forebrain is here h^;hly invaginated 
as in the amphibians-.** 

Jarvik (m2, p. 489) states that there are very considerable dif¬ 
ferences between the snouts of the Osteoleiuformes and toe Porolepi- 
formes, and then proceeds to detail these in twenty-six numbem 
paragraphs. All are given as statements of fact Of toe twenty-six 
features, seventeen are based upon an assumption, they are restora¬ 
tions. 


I 
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SmbHoa H 

M'tedMii of tdmo ot Ae FUuonfOiaglc*! eontributloiit b 
coucjnel in emphttie languaM; to aome It may appear unduly blunt 
Ho Wblogy ii frilered for me hntaan uaed, but some emaiiatkni 
of it w certainly cidM for. 

In e£fect. it has b^ stated anin and again that our palaeontological 
c o tt ea g oes have ddiberatdy distorted facts to nnke them fit tteir 
theories on the origin of the Tetrapo^ "DelHieiate distortion’* is 
usually a dishonest procedure: in diis case it is most emphatically 
not so regarded, and it is sincerdy hoped that such an ii^Ucation 
will not be read into the arguments presented. 

The convictions of our palaeontological cotleaguea are very real to 
them, and under the drive of these cenvictions thqr have quite honestly 
contended far their theories. The colour-blind man sees the scarlet 
robe and the green lawn the same mlour, to him they are the same 
colour, but he is wrong. The Riysicists have proven him so Just so, 
it is argued in these pages, the palaeontologists, blinded by the 
early worken, are wrong. 

Before proceeding to discussion of some of the individual contri¬ 
butions, some further general critidsm of the whole of them may be 
offered. 

Palaeontologists have, each of them, a faith in the correctness and 
reliability of £rir restorations and interpretations of the fossils which 
is not justified^ by experience. In support of this it may be pomted 
out that specimens have been studied by thoroughly competent 
palaeontolo^sts, and later the same speciniens have been studied by 
other, Mually well-qualified, palaeontologists and each later student 
has decided that his predecessor was at fault in his interpretation 
and/or reconstruction. Peihaps one of the most striking examples 
of this sort of thing is provided by the following extract from 

D. M. S. Watson's Croonian Lecture (p. 234). “The neutral cranium 
of the osteolepids was first, though quite inadequately described by 
Rohon, later, and again misleadingly, by myself and H. Day and by 

E. A. Anderson, and finally and more successfully by W. L. Bryant 
Dr. Bryant's description is, as Dr. Stensio informs me, and as I 
have bm able to confirm, from an examinatim of the original 
material, inaccurate in certain respects.” That was in 1926, and 
Watson used the then accqited interpretation m his work on the 
evolution of the Am{rfiibia. On top of all this examination and 
re-examination, in 1936, one of the specimens studied by Watson and 
Day was examined by Save-Soderber^ and he writes (1936, p. 137), 
"By means of our modem technical outfit I was able to clean out 
perfectly the dorsal and lateral, and part of the ventral, surfaces of 
the neutral endocranium of this qiMimen, and to demonstrate a 
number of interesting points, which partly also change the interpreta¬ 
tion of Osteolepis and Evsthenopteron.” 

The next general criticism whidt one feels impelled to make is to the 
effect that their work at times exhibits an unjustifiable degree of 
originidity. The reference here is to the interpretation of fpramiiut 
and grooves vriiidt they find on the fossils. Those who have had 
experience in actual dissection know that the Identification of any but 
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the main nerve and vaacular foramm.caiinot be at t cm ^ cd, and thatr 
esccept at and dmc to tl^e points of tgrt$% from tile dtese 

structures are only exceptic^ly in contact with bone^at WbUst 

sorry to apeak so strongly as to offend or to rUk giving offence^ one 
cannot refrain from stating that these daims-i^to be, able tq deter¬ 
mine the course and even tl^e constitution of nerves and the number 
of cranial roots they had — must appear to be little short of ridicuhw 
to all who have spent years in the laborious study of those ffdtqpi 
with scalpel and microtome. 

As a matter of sober fact, the most that could be said on beb^ 
presented with a skull, recent or fossil complete or fragmentary, not 
being one which had been studied in the flesh, or which has been 
worked out by another investigator, is that — this is a fidi, or perhaps 
an amphibian skull and therefore its nerve distribution and vascular 
arrangement were probably similar to the condition found in some 
related form. Although this is so, statements like the followup are 
not uncommon. "The seventh nerve arises by a single root, so far 
as can be seen from the skull" (Watson, 1925, p. 845). To Ae 
student of the anatomy of living animals, statements like this are 
just fatuous. It is well known that the nun^r of roots a nerve may 
have is never indicated on the skull, nor could it be. 

Most palaeontologists, in their evolutionary equations, give too high 
a value to the factor provided by the arrangement of the demw 
roof bones. It is fully realised that this criticism is founded to a 
large extent on the personal attitude; in other words, this is a matter 
of opinion and not, like the last, a statement founded on facts. One 
of the most outstanding of the latest contributions which base a 
clasrification of the vertebrata largely upon a possible chain of 
changes in the dermal roof l>oncs is that of Save-Soderbergh (1934- 
1936), Doubt as to the value of his evidence is centred in the fact 
that so many different roof patterns are presented by closely-related 
animals. 

The Dipnoi alone present a whole series of such patterns. In 
order to base any scheme of evolution on the roof patterns, one has 
tn select the exatnplcb of fishes and tetrapods. and to neglect the patterns 
of a nunil)er greater than that used in the comparisons. The marked 
variability in the dermal roof pattern has always appeared as evidence 
that those bones were, and in the living Teleostei still arc, unstable 
and subject to non-significant variation. Tn short, it appears true to 
sav that, amongst the fishes, there is no uniform plan of dermal roof 
pattern. Tt is as easv to select examples which would provide a 
chain of changes leading to the tetrapod pattern from the living 
icleosts as from the Crossopter}*crians. A selection of patterns drawn 
from modem fishes has been illustrated (fig. 1). and it was sug¬ 
gested that if these had been fossils, it would not have been possible 
to decide that they were really closely related forms, on this evidence. 

It is submitted that the evidence points to the conclusion that the 
dermal roofi^ bdnes of the fishes are still in a condition of flux. If 
that be so, men it is further submitted that this is evidence whidi 
should lead us to expect that the roofing pattern was in at least as 
unstable a stage of evolution in devonian times as it is to-day. 
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It ^rolattity hairt been noted that Sftve*S6defbereh wit unble 
to OMdte Oie of Ooodrich’t cmfol anafysii (1930) of th« evidcaee 
■od dettrOtbiitioo of a fundamctitat pattern in his last essay. 

Sftve-Sddtrbei^’s concept of Ote composition of die dennal nof 
Of the oOmmon ancestor of the Crossopterygians and StOKncephalians 
is apparently in the nature of an addition sura. It appears that be 
has listed aU the bones found in die many fosses and endowed the 
hypothetical ancestor with die lot. He dien {noceeds to argue from 
tiUt hypothesis as thou^ it were a statement of fact Unfortunatdyr 
no fos^ is known whi^ possessed die full list. 

Far from his hypothesis being a statement of fact, it is arguable, 
on die evidence of the paucity of the number of bones in the most 
primitive fish forms known (the Ar^rodira and ^e^^tiarchi) and 
the wide diversity of the patterns in the less primitive, that these 
latter patterns have risen independent, and that there was no general 
plan from which they were evolved. If, however, we grant that Sfive- 
pdderbergfa's hypothesis is sound, we may also accept his following 
statement, was that each of the many dements may altema- 

tivdy have — (1) remained unchanged, (2) become fused with other 
dements, (3) become secondarily subdivide, or (4) reduced even to 
extinction. It is just the possibility of all these dtematives which 
detracts from die value of speculation on the assumption that any 
one or more of them has brought about the partkidar pattern derived. 
That there have been instances of persistence and of all three mo^s 
of c^ge there is little reason to doubt, but there is nothing to guide 
us in determiniiig whether reduction in number was due to ddedon 
or fusion. True, when we find reduction in the number of a trans* 
verse row, we are justified, on the |>aralld of embryological evidence, 
b conduding that the bone which, m the more numerous row lodged 
the lateral Ibe organ, has {lersisted. Whether the other baa been lost 
ddetioQ or fusion will still remab for choice.by the personal bdief 
alone. It is the constant and unavoidable mtruaion of this personal 
factor which makes all these theories unconvincing. 

S&ve^Soderbeigh and Stensio are agreed that reductions in number 
have, in the great majority of the mstances, been due to fusions. ^ In 
support of this bdief, the former asserts that modem embryological 
bvestigations ("Pehrson, 1922, and others") have confirmed the 
views of Stensio “b this respect.” Watson, on the other hand (1921), 
states his belief that the reductions were due to deletions. 

Pehrstra demonstrated that the dennal roofing bones of Amia were 
developed by the fusion of more than one centre. This is probably 
the evidence referred to by Skve-Soderbeigfa. An analysis of 
Pehrson’s work reveals the fact that the roofing bones of Amia are 
devdoped by the fusion of at least forty-two centres. Now, if these 
are of phylogenetic significance, b the way suggested by the reference, 
the forty-two centres should represent separatebones in some ancestor. 
By this mterpretation the rostral represents four bones, the nasals 
each three, tne frontals each four, whilst the drcumorbital bones 
rqiresent an bdeterminate number. It is exceedingly doubtful whether 
anyme will accept such an mterpretation, yet it is the only logical 
bference from such a reference. 
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Now tttmliif to ottittide, Tho val dil t fort ty of d adst yo^ 

logical bvaatigatkxia bear^ on Act ai^Ject Irt & rtMd tfaat lO 
vertebratcsi mettbrant bones are, in all but mtpHonal biaeMVBH^ 
<levdQ(>ed from one contintioai ^gregatioa of orteggenetiB ^isfneii 
and further than thU» that in a great number of inatanres irhei? 
the future bones are to make sutural contact fheir a tro ma ta art 
originally continuous (Vide Kesteven, 194^ a 
Although the great weight of embryok^w evidmee Ues hi favour 
of the attitude of Watsm, it does not dispose of the possibility tiiat 
fusions have taken place. The exertional instances of fluskuks aft 
probably definite evidence that they nave, but tiiere is aimther inter* 
pretatioo. It is as follows: A priori all wilt agree it is probable that 
dermal covering bmes have been evolved by the coalescence of dermal 
ossicles and the submergence of their fused bony bases; in which 
case, it must be agreed that all these bones have resulted from the 
fusion of very many small centres of ossification, and it may be tiiat 
the sutures between the individual bones indicate original fracture 
lines impmed by mechanical strains and stresses, as suggested by 
Gregoiy (1915) If this be so, then the number of centres of ossifica¬ 
tion of lateral-line organ bearing bones in the fishes is wi^out any 
significance relative to the number of bones incorporated into each 
of them. 

Skve-Soderbergh concludes his polemics (1935, p. 202): "Thus, 
the study of the StegocephalUuis from Greenlaj^ has caused not 
only a thorough revision of the moii^ology and classification of the 
Labyrinthodontn, but also a revision of linger groups, resulting in a 
totally changed classification of the Gnathostome Vertebrates." 

Unfortunately, all our attempts at unravelling the tangled problem 
of the evolution df the Vertebrata are unavoidably compound^ from 
facts and our personal interpretation of them. The personal factor 
cannot be excluded, the evidence is incomplete, and the problem may 
not be stated as a mathematical formula. None of us, therefore, is 
entitled to use expressions which convey the impression that the theory 
advanced is a proven one 

Thk Intespretation of thf Chossopterygian Neurocranmum 

Save-Soderbergh (1936) and Romer (1937) h^vc both attempted 
to inter[>ret the neurocranium in detail Exception must be taken to 
both these efforts because neither wntcr compared his fossil vrith 
the fislies Without any doubt whatever, both these neurocrania were 
those of fish, nor do they depart from the general shape and pro- 
]XittionK of those of lecent fishes. The only marked difference is the 
break bch^^een the anterior and posterior parts The truth of this 
sc«uement is brought out by the comparison of the four neurocrania 
illustrated (Fig 4) The most stnking features on the side wall of 
the occipito-otic mass in all four arc the outer wall of the trigemino- 
fac ahs chamber, and the two foramina related to it. TTicsc are the 
most constant and characteristic features m the fish cranium, and the 
association of the hyomandibular branch of the facial nerve with the 
hinder of the two foramina and the maxillary and mandibular branches 
of the fifth nerve with the anterior are just as constant as tiie bony 
features. If tiiese features and this constancy of nerve rdation are 
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Q 0 t rcfoli q{ direct ioheritsBce from the cocnmon asccetrml group 
of owm it tfagt not oidj «n the modem iAta hot oil 

the SQTviVh^ gaaoida exhibit them? Tf it ift an inherited feature 
dm eurdy it la present in bodi and Megalichtkys It is 

icibniitted that the features ore present in both these neurocrania and 
tiutt they diotiUi have been recognised. 

In all the recent fishes the basisphenoidal region of the skull 
terminates just in front of die trigwno-facialis chamber, and the 
pituitary body lies at, or very close to, the anterior boundary of the 
chamber. 

Both Sive-Sbderbergh and Romer identify an outstanding process 
of the ethmO'-q>henoidai mass as a baaipterygoid process. The basi- 
pterygoid is a process of the basisphenoid bone. Inis is a basicranial 
dement which, throu^out the whole of the vertebrates sutures with 
the basioccipital bone. These waters follow Watson (1925) m their 
identification of the basipteiygoid process, but, even so, it is doubtful 
whether ^ consmuential interpretations were recognised them. 
If the basiptery^id process was located on the ethmosphcnoidal mass 
then the basioccipital was hinged, not sutured, to the poatenor edge 
of the basisphenoid, and it extended as far in front of the trigeminO' 
facialis chamber as it did behind it. This is a condition whidi is 
absolutely without parallel anywhere else in the vertebrate series. 
There is neither animal nor fish known, in which the basioccipital 
extends forward beyond the foramina of exit of all the brandies of 
die fifth and seventh nerves. 

As a matter of fact, die ethmosphenoidal masses of these two 
neurocrania are capable of interpretation as perfectly normal fish 
specimens, absolutely comparable with those of recent forms The 
*'DasipterygDid process” compares very closely with the postero-lateral 
comer of the ethmoid in recent fishes, and the cavitation in that of 
Megdichthys is very similar to that in the ncurocranium of Poro- 
dicfchthys (vide Fig. 2), 

The attempt will not be made here, but it is believed that if these 
two neurocrania were carefully compared with those of the surviving 
ganoids and modem fishes it would be found possible to interpret all 
tticir main features in harmony with those of fishes generally 

Romer, at least, was aware of some of the implications of his inter¬ 
pretation, At the bottom of page 46 and top of page 47 he details the 
changed proportions in antero-postenor distribution of the various 
regions and foramina in his specimen. 

Romer says of Megaiichthys that it ‘'may be taken as typical 
member” of the rhipidistian crossoptcrygians (p. 44), and there is 
no reason to doubt the correctness of this statement. 

It now becomes necessary toiii to stress the essential and funda¬ 
mental similarity of the fossil crossopterygian neurocrania to those 
of the recent crossoptcrygians, Lotimeria and Polypterus, and also to 
Aose of Amia and the modem fishes generally. 

It fottows that if we accept the interpretation given by the palaeon¬ 
tologists of the crossopterygian neurocrania as correct, then we must 
try to visualise a re-arrangement of the brain and nerves in all these 
ooiers to bring iboiit that disposition of these structures which we 
know to be common to every one of them; crossopterygian and 
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modems alike. And alt this without any dkange hi the geotmi ^pe 
and/or proportiona of th^ neurocrama. We mvc further to tapptm 
that the baaisfAenoid bone has migrated back along the base of thA 
^atll till it reached the poeition it occupies id all these oCbers, add 
without any change in other bones or cranial proportion^ 

For the writer, at least, this is too difRctdt an exercise in 
im^nation, 

Inere is another possible explanation, vtM*, that the whole of the 
recent fishes were derived from the Actinistia, which would be deemed 
to have differed fundamentally from the Rhipidistia. There is no 
evideiKe in support of such an explanation; it would be merely an 
assumption, necessitated by acceptance of the interpretation of the 
rhipidistian neurocrania. 

the Coelacanth Fisk** D. ilf. 5*. Watson /1921/. 

Doubtless Watson's desenptions and illustrations of Ae fossils 
present the characters and contours of their component parts cor¬ 
rectly. This being granted, his identifications of some of the bones, 
and the interpretations he gives to their features, are incomprehen¬ 
sible to the student of the crania of modem fi^es. 

That which he identifies as the basisphenoid is a bone which satisfies 
all the criteria of a presphenoid ossification; such, for instance, as 
that of Amia (Fig, 4c), 

The bone which it has been agreed upon to designate basisphenoid 
throu^out the fishes, other than in this coelacanth Macro^ma, is 
placed entirely in the floor of the neurocrantum in front of the 
pituitary fossa. If in an attempt to identify this “basisphenoid” bone 
in Macropoma, one disregards the fishes and turns to the lower tetra* 
pods, one woidd still be at a loss to find a basisphenoid bone which, 
like this, belied its name as a basal bone and extended to the roof of 
the cranium. 

The ab«ience of ossification in the “lower part of the basisphenoid” 
(p 322) increases the similarity of this bone to the sphenoid ossifica¬ 
tion of Polypterus 

A comparison of Watson's figures 1 and 2 leads to the belief that 
he has faded to recognise a fracture of the base of the cranium 
immediately behind this sphenoid ossification. Behind the fracture, 
it is now suggested, the posterior portion of die parasphenoid vndi a 
normal ascending flange has been displaced upwards, and this bone, 
which Watson identifies as the prootic, is really the posterior moiety 
of an expanded parasphenoid, which, as in Folypterus, covered an 
entirely cartilaginous portion of the otocrane. 

That the inner surface of an extensive “prootic" should be a 
plane surface devoid of otic recesses is hard to believe. The prootic 
is a btm&riJ^eloped endochondrally in the anterior portion of the 
capsule. 4^the other hand a plane internal surface would be natural 
to, and quite m conformity with, the mode of devdoppiont of an 
ascending expanded posterior portion of the para^enom bone. 

Stensio was perhaps correct in his belief that this “prootic” included 
an opisthotic clment. It is probable that better material will disclose 
a suture interrupting the continuity with the posterior of tbe two 
superior wings of the bone. 
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Hitt' skull of Jtiocropoma ts mteipreted by Watson is caiapieUly 
a n o m alous but if we visualise the so called prootic moved down aoo 
}ust a litde backward leavina a gap filled by cartilage m the fresh 
skull betwiem it and |;he simenoid ossification and then fill m a 
anture across the lower end of the posterior siqienor wmg die skull 
becomes essentially similar to that of Polyptenu 
Watson s identificatioiis of die components of the palate are subject 
to the grave suspicion that he has been unduly biassed by a desire 
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to find resemblance rather to die lower tetrapodi than to the fidiea. 
No attempt was made to interpret die obetrtad featotes odtOr 
pariiOft with known fish crania. 

He tells tis that the bone which has been preekwiiy idendfiad as a 
**hyDmandibular^' by most authors *‘has been” correctly determined by 
Stensib as a '^metapterygoid/* In the eaqilanation oF his figure $ 
he introduces confusion by equating tiie metapterygoid wtm 'Ae 
ef^terygoid. It is hardly necessary to point out dial the metaptery- 
g^ bone of the fishes ts not part of the quadrate andL tiierefore^ 
cannot, by any stretch of the imagination, be regarded as homologous 
with the epiptcrygoid b<me of the reptiles. 

If Watson’s description of the coelacantii pahte and palato- 
quadrate be correct, it follows that the whole structure was atUdi^ 
to the skull only by ’’tough membrane'* between the medal margin 
of the pterygoid and the parasphenmd. This is bard to believe. 

When It IS remember^ that hyoid suspendon of the quadrate 
characterises every known fish, it is excerangly difficult to accept 
the interpretation offered. The assumption that the hyonumdibular 
is absent presents itself as entirely gratuitous, and depends on nothi^ 
but a failure to find. A much more reasonable explanation of its 
absence would have been to assume that so much ox it was cartila¬ 
ginous that any bony portions which may have been present had been 
displaced by the rotting of the cartilaginous portion. Since the work 
was written (in 1921) Smith's description of the living Coelacantii 
Latimeria has appeared. The hyomandibular of this fish is largely 
cartilaginous. 

The following passage calls for criticism;—"The metapterygoid, 
certainly an ossification on the palatc^uadrate cartilage . . . agrees 
closely with one of the continuous series of ossifications which occurs 
in cartilage in Osteolepids and rather strilcin^y with the cpipterygoid 
(I) of an Embolomerous Labyrinthodont which I am describing 
shortly. There can be no doubt that the bay in its upper edge trans¬ 
mitted the maxillary and mandibular divisions of the fifth nerve, and 
that the ophthalmicus profundus passed out in front of it” (p. 333). 

Tf this passage had been worked as below, it would not have been 
open to the objection that expressions of opinion are given as state¬ 
ments of fact — "The metapterygoid, probably an ossification on the 
plato^uadrate cartilage . . . agrees, etc., ... It is believed that the 
Day on its upper edge transmitted the maxillary and mandibular 
divisions of the fifth nerve and that the ophthalmicus profundus passed 
out in front of it ” 

In Its original form the whole passage is unacceptable. If Watson 
had stated that he was certain and that there was no doubt in his 
mind, thai^would have been all his material justified him saying. 
Even as aftatement of opinion the passage would be open to criticism. 

I^vicw of the fact that these branches of the lif^ nerve veiy 
rarely impress their course on bones of the suspensorium or palate 
in living fishes, either teleost or ganoid, and that they all issue w^l 
in front of the articulation of the suspensorium with the skull, the 
course postulated by Watson is absolutely without foundation on fact 
or analogy. One is forced to the conclusion that the only reason for 
giving such an interpretation to the "bay on its upper edge" was the 
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atffhar’s dtrire ta increase a fancied resemblance pf thia fiA '*mcU- 
ptemfoid'' tp the ^^^^eiygoid'* ot the embotoinerotut amphibiana*. 

Wataon returns to the {presumed^ absence of the hyotuandibular on 
page 336, where we find the following:—**As Steosib has pointed out, 
we have in coelacantfas a comidete loss of the hyomaitdibular as a 
aappbfting element of die }aw. 'this loss is an exact parallel to that 
whkh has occurred in Tetrapods and Dipnoi/’ (The italics are mine). 

'This last statement is very far ftom true. Edgeworth demonstrated 
ipjtte definitely that the hytmandibula is developed in Crnitodta. 
Even if we regard the vestigeai hyomandibula of Ceratodus as being 
without significance in the present connection, there is still no paraltd 
at alt between the conditions found in the Coelacanths and die Tetra¬ 
pods and Dipnoi. 

"In the former the quadrate is separated from the skull by a hyoman¬ 
dibula bone and a metapterygoid, which latter is so like the metaptery- 
gotd of Amia and Pcfypterus that there is little doubt that it is the 
same bone. This cannot, by any stretch of the imagination, be 
homologised with the epipterygoid. The epipterygoid of tetrapods 
is undoubtedly the homologue of the processus ascendens quadrad, 
and is develof^ endochondrally, that is to say, it is a true cartilage 
replacement bone, the metapterygdd of the fish is developed ecto- 
chondrally and extended beyond the cartilage as a membrane bone 
and is not a part or process of the quadrate The long gap between 
the quadrate and the skull was in all probability filled, in the living 
coolacanth fish, by a cartiUginous or largely cartilaginous 
'h3oniandibula (page 106). 

In the tetrapods the hyomandibula has been reduced to the stapes 
and the quadrate is attached to, or articulates with, the skull. Its 
final evanescence has been demonstrated by EdgeworA in Ceratodus. 
nearly there is no parallel here 

A "The Structure of Certain Palaeoniscids and the relationships of 
that Group wth other Bony Ftsh" D, M S, Watson (1925) 

B "On Some Points in the Structure of Palaeonisctd and Allied 
Fishr D M S Watson (1928). 

The critical reading of these two communications gives rise to 
two general impressions, firstly, that the writer has brought to the 
work a familianty with the cranial osteology of the mesozoic fossil 
amphibians; and that, in the absence of counterbalancing knowledge 
•of the cranial structure of the Teieostei and Ganoids, the whole of 
the work has been unduly mfluenced by the knowledge he bad. 
Secondly, one feels that the writer has served but a short at^cntice- 
ship with the scalpel and the dissecting tweezers, for he displays a 
peculiar courage in his identification of the various foramina and 
grooves which he finds in his fragmentary fossils. Such courage 
could hardly be possessed by one familiar with the difficulties of 
dissection and the unreliability of features in the modem forms of the 
same character as those he relies upon. 

'tlf Ckrnm totter ^S alrtadr OMt tS* iMwiSliig loom to MMlhate ma JbS«p*b- 

dnt tpIvteiTSOwr It to bwS to vndnvtosdv^ M w a it oMtaMmo «Khlblt nA m 
firtnte 
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In the reinlt, hU reooaatnictions of die oodaandis u« In teipr e t eJ 
to hannoniie, not with fiihes geneteDy, hot widi the cmboloiiBttoas 
emphibiana, and with other poorly-known fossil fidi. 

In the following brief review it is assumed that his Statiements of 
fact are truly recorded, and depicted widi approxiinate conectneas in 
the illustrations. On diese assumptions an attempt will be made tb 
oornwre the structures with com^etdy known fii&. attenqit la 
made because it appears desiraUe^ to demonstrate diat, when viewed 
in the li^t of complete familiarity with fonns vrfiose ostedogy ia 
Mfectly understood, all the features hitherto recorded of the known 
fossil fish are capaUe of being more or less p e rf ect l y hannonised 
vrith those of the modem forms. 


Experience teaches that when, having dissected and determined 
the soft structures related to the foramina and grooves which a par¬ 
ticular skull betrays, one takes in hand another vrith similar oateo- 
logical features (be it noted not with approximately or nearly similar), 
one feds entitled to interpret all its features in terms of the diasectian 
already carried out. Experience also teaches that even with diia 
conservative procedure, we are liable to make mistakes. When, on 
the other ha^, the disposition of the bones and the foramina are 
dififerent from those of our dissected example, we do not fed entitled 
to guess at the interpretation of the for^na. Onty after careful 
dissection, usually of more than a single spedmen, doea the careful 
anatomist feel confident in discusring the relation of soft structures 
to the bones. Thus, the most careftu dissection of die Percoid skull 
and the most perfect familiarity vrith its features and the relation of 
the bones to die soft structures would not enable one to describe the 
relation of the nerves and blood vessds to the skulls of Pohpterns, 
Amia, Aeeifenter, any Selachian, an Eel (Anguilla), or a C^t Fish 
(Gnidoglants), nor vrould the dissection of all but me of these enable 
me to interpm the foramina in the last with cmfidence. Again, die 
dissectim of me Plagiostome, or, indeed, of many, wmld not enable 
me to state definitdy the relationship of nerves and blood vessels 
to the cartilaginous cranium of a type not previously dissected. 

It is, therefore, clearly a dangerous proceeding, and one likely to 
lead to very errmeous cmclusims, for any palaemtologist, except in 
very exceptimal instances, to write of any foramen that it “clearly 
transmitted" this or that nerve or vessel, or that "h could have trans¬ 
mitted nme other" than this or that. 

At the moment I can recall no instance among living fishes in which 
the emergent branches of the fifth and seventh nerves are not closely 
associated both m the inner and on the external surfaces of the 
dcuU, nor can I recall an instance where these nerve tnmks do not, 
excem the (qmthalmicus superficialis and hjromandibular branches of 
the facial, emerge close to the cranial floor m the anterior part of the 
proodc regkm. 

Almost invariably they leave the cranium either through die prootic 
bme or throu^ a notch in its anterior matgin; at dmea, all together 
throuj^ one single large commm foramen, at others, through several 
small foramina closely gathered together. When more than one fora- 
map is present, one can tell raly dissectim which trunk or ramua 
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occttpied wlikh foramen, for ftere is no constancy in tbeir rdatton 
to ttftotber. 

There are several instances of the dangerous practice referred to 
tfirouj^ut the two woriu ^er review; one instance only need be 
<luotea, namety« the descriptm of the '^facialis chamber'* in 'Tataeo- 
nisdd S” whuh is epitofnised, as it were, in Figure 19 on page 843 
of the earlier paper. I have to confess that after years of study of 
the fiA's skuUi and after dissecting a reasonably r^resentative series 
of the heads, I should be absohitjdy at a loss, on being presented with 
one 80 Strang u this palaeoniacid, to interpret all the foramina. Dr. 
'Watson does this with confidence, and even goes so far as to imply 
that the hyomandibular trunk of the fadalis divides into two befon 
emergiitg from the skull; or are we to understand that he finds in 
these foramina evidence that thb fish had an extra mandibular brandi 
of Jhe facialis? The identification of foramen for the pafheticua 
in the bones of a fossil excites one's admiration, and at the same 
time it awakens one's suspicion. I have in very rare instances been 
able to fmd this foramen after carefully dissecting out the nerve. Its 
position is far from constant in the living fishes. 

It is noticeable throughout Dr. Watson's work that he constantly 
identifies facialis and trigeminal foramina separated from one anoth^. 
Having in mind the fundamental teleostoman characters of the fossils 
lie is dealing with, one cannot but wonder whence comes the evidence 
on which this identification is based, and one feels that the practice 
results from the "tetrapod” frame oiE mind. 

Turning now to the covering bones of the skull and dealing first of 
all with the dorsal aspect of Chirolepis trailli. As restored by Watson^ 
there is nothing in this skull to separate it from the modem teleostean 
type. True, one cannot point to any one skull amongst the modems 
wnidi exactly resembles it; on the other hand, a similar remark 
would apply to any one of itit modem generic types; there arc, out- 
aide the ^us, no skulls whose doiwl pattern is precisely the same. 

The dorsal pattern of Chirolepis is essentially similar to that of 
Dactylopterus (E, Fig. 1), but the latter has developed a supra- 
occipital between the parietals which i& not present m the former. 
However, this feature cannot be regarded as of phylogenetic impor¬ 
tance, for the allied scorpenid PenKtedion has the supra-occipital 
trovered by the parietals just as the fossil has. The presence of the 
-occipital transverse limb of the lateral line canal system enables one 
to identify the p^-occipital scutes in the two forms, whilst the post¬ 
temporal is similarly identified by the presence of the homologous 
canal in both 

In thus identifying the bones by their contained lateral line canals, 
I follow a well-established practice. To quote Watson himself (1925, 
p. 820), "'the passage of the main canal through the supraoccipital 
and intertemporal shows that these bones are homologous with the 
corresponding elements in the Osteolepids, or, at any rate, belong to 
tiie same row ..." This quotation is particularly apt because it 
applies to the same bones in the scorpenid. In front of the post- 
occipital the canal passes across two bones before reaching the frontal, 
jiwt as in the palaeonisdd These, by Watson’s own criteria, will be 
mnnologouB elements in the two forms. 
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The mcnildf of the iicuril cnm of two Pilaeooiactde Vfgtnott 
de^tos on pege 834 and which he descrSbea, pnamt no f^e^hcttehc 
wherdn they differ futdamentally from thoee of modem bony ffehei^ 
The outer wall of the ao-callcd spiracular canal is in afi pfohahiK^ 
mJly only the outer wall of the trigemino-facialU chambm-. This b 
a very constant structure in the prootic r^on of the modem fish 
skulls, and, as in die palaeonisdd skulls, lies just bdow and in front 
of the hyomandibular articular facet. It$ upper aperture pj^obably 
transmitted the same nerves and vessels as in the modem formft^ 
diat is to say, the vena capitis lateralis, and the orbits artery pused 
to and fro through it whilst the hyomandibular branch of the facialia 
issued from its postero-superior opening, and the remainder of die 
trigcmino-facialis trunks, except the palatine branch of the facial^ 
iaaued antero-inferioriy. 

It is unfortunate that Watson should have used such definite 
language in his descnption, for the whole of his interpretations and 
statements relative to the soft structures are entirely conjectuiul. On 
page 842 he declares quite confidently, and without any reservation,, 
absolutely as though they were statements of fact, that various fora<^ 
mina transmitted various nerves and vessels. It is here that occurs- 
the confusion relative to the hrmches of the facialis. He describes the 
hyomandibular branch as issuing through one foramen, and a man* 
dibular as issuing with the palatine through anodier. 

A more astoni^ing example of this independent uncontrolled identi¬ 
fication is to be fouim on page 52 of the later of these two papers. 

''Ventrally the outer margins of this bony plate (&e ‘Basi- 
sphenoid’) are produced into long basipterygoid processes, which bear 
a depressed ar^ for articulation with the mlato-quadrate on the 
upper and anterior faces. The root of each basipterygoid process ia 
perforated by a foramen which leads into a canal running upward 
and outward in the basisphenoid until it leads into a groove on the 
upper surfaces of the processus ascendens of the parasphenoid.” 

*'From this canal a branch passes downward and inward to per¬ 
forate the parasphenoid and open on the ventral surface of the Avi\, 
The main canal murt* have transmitted the palatine branch of the 
facial nerve, the branch being for a ramus pretrematicus, mssing to 
the skin of the mouth, as Herrick has described in Menidia'^ (•Itflica 
arc mine.) 

For comparison with this statement I quote Hemck (1899, p. 173) 
on Menulia’ large bundle of communis fibres runs from the 
ventral surface of the geniculate ganglion, enters the same foramen 
os the tnincus hyomandibularis, crosses the latter nerve and ^ves to 
it a considerable communis component, as already described. Immedi¬ 
ately after its emergence from the crasiiuin it divides into two approxi¬ 
mately equal portions j one, the ramus pdatinus, passes cephalad along 
(not in) the cranial wall under the or^ of the m. adductor arcus 
palatini, the other, to which I have applied the name of ramus pretre- 
maticus VII, turns directly ventrad along the caudal and inner face 
of that muscle and between it and the large pseodobranchi . , , 
again not in a canal. 
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It U froiti JjtOM d^scriptkm iil no part of its length it 
tht ttntit pttptifHtt fttitHs in endosed in a bonv canal, nor 

is tlie jitiy raxhttt ptetmnBticus* 

HttlWi deseriptioii wotdd lead one to infer that the canals 
deseed Watson did noi enclose the nerves. 

T^jreEmnee to Mutidia is peculiar, because a comparison with 
Amia would have provided some resemblance. In this form the pala¬ 
tine nprve lies bc^ ce n the para^enoid bone and the sphenoidal 
cjtrtilate, and a aimitar position for the nerve in Lepidosteus has been 
described by Non^ (1^5, p. 371). 

The parallel is, holder, far from exact In these forms the canal 
b^^wcen bone and cartilage is reached by the nerve from without, and 
its posterior eix} is apparently much further forward than is the 
posterioreod of the canal in Watson's drawing of Cosmoptvchius No 
part of the cual for the palatine branch of the facialis in the two 
nolostean form Hes in the basisphenoid region. In both cases the 
palatine nerve is accompanied by components of the glossopharyngeal 
nerve and by blood vessels. 

Actuallv &e most that can be said of the canal in question is that 
it Is Possible that it transmitted branches of the glossopharyngeal and 
facial nerves and more possibly blood vessels, but as to the source 
of the latter one would hmdly justified in hazarding a guess. ^ 

On page 848 of the earlier or the two papers Wats^ seriously 
discusses the form of the brain in an Osteolepid and in the Palaeonis- 
ctds, basing his whole discussion on internal caits of the neural crania. 
He savs, "the cerebral hemispheres of Osteolepis, if we may judge 
from the character of the chamber in which they lay, were long and 
of considerable size. In fact, the brain, as a whole, cannot haV^e dif¬ 
fered very greatly from that of Cemtodus and an Amphibian 

Towards the end of the next pai^aph we meet the following, 
relntive to the brain of the Palaeoniscids • "It is probable that the 
reduced cerehrd hemispheres im'ply that the sense of smell was no 
longer, as it is in all primitive hsh, the chief agent in the recognition 
of food, and that the extra vert type of cerebral hemisphere had 
already been introduced in them.*’ 

Like much else of the work, this is simply speculation, quite 
unsupported by factual evidence, and based on purely personal inter¬ 
pretation of die structures observed. In the same category is the 
statement on page 845 of the same work that "The seventh nerve 
arises by a single root, so far as can be seen from the skull, . . . 
One only wonders that our .luthor does not tell us the relations of 
the nucl^s of the facial nerv e to that of the trigeminus f 

Watson (1915, p. 848) sa\s that in Osteolrpis the outer wall of 
cadi olfactory cap^e is perforated by a small circular external nostril, 
**it8 ventral surface a triangular internal nostril, . . . 

This again is entirely a question of interpretation, and not a state- 
meat of fact. (See pos^ p. 118). 

Having in mind the licence which Watson has allowed himself 
in the inteipretatioa of neurocranial structures, one cannot but view 
wiUk suspicion hk Interpretations of the various fragmentary palates 
he attempts to restore. 
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At the outset one may point out that the idottificalioa of a notdk 
at the anterior end of the palatal Comdex of (ty. 26^ 

p. 858) as being for the transmission of die matxBhttfar and marunaiT 
branches of the Vth nerve is obviously incorrect^ at least in so far as 
concerns the mandibular ramus. The mandibubur raonts must have 
passed dovm bdiind the gape of the mouth and dote to the'lowar' 
Jaw joint. There is no reason to suppose that it took a course« etitirdy 
without parallel, far forward and ^en turned back. 

Watson’s figures 22, 23, and 24, represent palates which are subject 
to interpretation in terms of those of Ltpidosteus nod Amia, Although 
much fragmented, it appears unquestionable that that of Eteonichthys 
atfbmt is the least distorted, and presents the bones in the nearest 
approach to their natural position. In the others, if Watson be ccrrOct 
m assigning them all to the same genus, the bones must be tiirust 
from the midline and laterally compressed, or else die thin imer 
area of the palates has been lost. This appears to be simported die 
condition present in the allied Euryonotus crenatus fig. 12, p. 

62) and by the contours of both the palaeoniadd ncu^ crania figurra 
and described by Watson. These indicate that a relatively narrow 
interval was present between the hyomandibular articular facets on 
each side of skull. 

A comparison of Watson’s figure 23 (1925, p. 855) of the palate 
of Eleonichthys (dtkini with the palate of the short-headed Lepidosttus 
leads to the belief, assuming that the illustration correcdy depicts the 
fossil, that these two fishes are very similar. £. aUkini af^rently 
possessed a true basipterygoid process articulating with one of the 
medial palatal bones. Since the process appears to have been in the 
same situation as that of Lepidosteus it is certainly not unreasonable 
to believe that it articulated with the homologous pdatal element, that 
is to say, with the metapterygoid, and there appears to have been 
the same relatively extensive gap between the articulating bones and 
the hyomandibular behind in both forms. Apparendy the whole palatal 
complex and its posterior mandibular suspensory components stood 
down \yell below the plane of the basis cranii, and, in the specimen 
illastrated, it has been displaced laterad and caudad. The bone which 
Watson identifies as the pterygoid is the mesopterygoid of Lepidoi- 
trus In the fossil fish it is more extensive than in the other and 
recalls that of Pelyptrrus. The bones which Watson identifies as 
Palatines I. Tl, and III, and ectopterygoid, arc certainly identifiable 
as an extensive, fragmented, paktine in front, and ecte^terygoid 
behind. The little fragments identified as suprapterygoids IV and 
V are in all probability the fragmented metapterygoid. The unidenti¬ 
fied fragment lying behind the ectopterygoid is conceivaUy portion of 
the quadrate. 

This interpretation of the palate of Eleonickthys is not offered as 
a definite identification of its elements but as an indicatitm that, on ^e 
evidence before us, it is possible to interpret it in harmony with 
already completely known fish palates, and because it is undrarabie 
whilst such an interpretation is possible to create new palatal types 
on such fragmentary evidence as these crushed and distorted palates 
provide. 
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OiV cuqpt joondude this review of tbeiB two papers without con»> 
nM9>t»v ^ Whtsoo’s kleatificattoii of the bori^eiygoid prooess io 
sever*! of the fisba described. 

The bssi^eiysoid process is an ossificadon of the para- or immedi¬ 
ate pre'pituitaiy region of the cartilaginous basis cranii, and is a 
process of the basupbenoid bone. 

Nowhere among die living fishes do we find a basipterygoid process 
which oonforms conqiletdy to the above definition. In Lepiaosteus, 
however, there ia an ossification of the correct region of the basis 
ennii, but the ossification is by an extension forward of the prootic 
bone, not the basiqihenoid. 

Keeteven (192fi, p. 121) suggested that we should r^id as com¬ 
pletely homtdogoUB, bones which ossify in precisely similar regions 
of the primary dumdrocranium, even though they may not develop 
from similar centres of ossification, proposing at that time to designate 
diose which develop from the usual centre of ossification, "deter- 
minate”; and those which develop Iqr extension from the centre of 
ossification of a condguous bone, "p^eterminate." 

Applying diis principle in the present instance _ we may accept the 
identification of die basipterygoid process in Lepidosteus It is truly 
a basipterygoid process, but is a predeterminate form thereof. 

Comparison of LtMopeus with Watson’s illustration of the frag¬ 
mented palate of EUonichthys mtiuii leads one to accept widiout 
reservation the identification of a basipteiygind process immediately 
medial to the litde palatal fragment labelled S.PtIV. It ia also very 
probable that the parasphenoid extended much further bade than 
Watson's interpretation allows. 

In the case of £. bbtneyi, however, it is clear that the tubercle 
which is identified as the fauipterygoid ia placed a long way too far 
forward to be that structure; there can be litde doubt that this tuberde 
is actually antorbital in situation. 

In Polypterw and quite a number of the Teleostei there ia a pro¬ 
jection of the pataspnendd below the basts cranii in the region in 
which the basipterygdd process is found. This is a fundamentally dif¬ 
ferent structure to the true basipterygoid process. It is not devdoped 
endochondrally from the primordial mis cranii. 

It ia to be observed that in Lopidosttus, in vdiidi the true process is 
devebped, there is related to its underside a spur of the parasphenoid. 
In Polypterus and the other examples mentioned there is no cartila¬ 
ginous or endochondral bony process related to the parasphenoid 
•pur. 

In Cosmoptyckiiu striatus (1928, p. 52) the basipterygoid process 
is correctly identified by Watson as a process of the basismenoid 
(Watson. 1926). 

Watson asserts that Dipterus vaJeHciennui presents so many fea¬ 
tures which resembled those of the contenmrary Osteolquds that 
the two groiqis (Dipiwi and Osteolepida) "arose from a common 
ancestor not modi eariier m dateand be continues, “it is from this 
hypothetical fish tiiat I believe the Amphibia to have risen. The 
emence on vdiich this view is founded is most convincingly pre¬ 
sented by a oon^ariaon of the structures of the skdeton, of the 
body form, and movements, and of the mode of life, in an Osteolepid 
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and ui ^stAoIomefous gs^iibian. In tm^tr tor $tcim Ak fttUeriall 
f6r such a ccm^mrison I Wft been forced tdr Ac 

lepM ttnicturc anew ...” (p. 195). * " ' * . 

Dr Watfion is certainly higenvioos; he doei not beiitatc bo-aoitftt 
that he was already convin^ before atudyipiK IhcA ttwlfir i( Ae 
fossil fith were studied, evidence in support of Ida pmouoelv^ 
theory of the evdution of die Amphibia wottU be fdv^ in Aw 
structure. 

It was apparent this mental attitude which prompted the follow¬ 
ing paragraph. '"The cxoccipitala in the Ostmqnda reach up to a 
well-devdoped supraoccipita], wluch in O^eo/rpif ttreiehot fenMr*if 
ever the whole of the hind br^, as it does in the Embokwieri. The 
otic capsule forms a paroccipitat process which aopports Ae tabula* 
and may or may not be m contact with the ^11 roof for the whole 
of its length, precisely as in the Amphibia. As in them, the anterior 
part of the brain lies in a cavity in the upper part of a Ihidc inter- 
orbital septum whose lower edge^ is the parasfdienoid” Watson pei> 
si^ilently makes the error of designating the parotk process "paroc- 
cipital" The parocctpital process lies ventrafly to Ae etk capsule, 
the parotic lies dorsolaterally to it 

'The basisphenoid in both fish and Amphibia has definite basl- 
pterygoid processes with which Ae q>ipterypp>ida articulate.” 

As was Ae case in the last papers review^, muA of the apparent 
statement of fact in these two paragraphs is largdy interpretation- 
In Ae previous tmragraph to Aat quoted, it is stated Aat the osteth 
tepid brain case *^is not divided into separate bones m any known specie 
mens ” Yet we are told that this osteoleptd brain case resembles the 
F-nibolomeri because its component bones occupy eerttdn areas. 

Examination of his illustrations Ascovers Aat Ac parotic process 
of Ae Embolomcri is infinitely better devdoped Aan Aat of At 
osteolepids, in which it is essentially similar to Aat of almost any 
typical acanthopterygian percoid skull. In Aesc forms it has not 
been dignified by separate designation or definition. In the Embolo- 
meri, if they be all similar to that of Orihosaurus pochycephdlus, Ae 
parotic procesws are extensive and recall Aosc of certain of the 
reptiles and modem amphibians. 

The statement relaUve to the situation of Ae anterior part of Ac 
brain is absolutely without am foundation in fact; on the contrary, 
remembenng that tliese were fossil fishes such evidence as may be 
oht'iincil by the examination of tbe Linuial cavities of the modem 
ganoids and telcosts, and consideration of Acir casts rdative to the 
form and situation of Ae contained brains, suggests that the forc- 
bram did not extend appreciably past the well-dmned temporal fossa 
of perfectly typical teleost outline which Watstm depict in Ae 
Palaeoniscid in figure 20 of the 1925 paper, nor mudi anterior to Ae 
tsTJical rrigemino-facialis chamber illustrated in Ae top drawing of 
figure 78 of the communication undei review. 

Not only is this so, but his own descriptions and iHustrations belle 
his homologies. It should surely have been obvious Aat Ae structtites 
wh'cb he labels basipteryijoid processes in Ae two reconstructions of 
fish crania iUustrated in his fig. 4 could not be regarded as btslpte^ 
gold processes. 
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Uf tiM MaphMr Pfl the iMjwv hiad, titere ii obvionil^ a typied 
iMivi^teiysoid pvOMM of tixe bMbpheiioid eueatially, one n^t almoat 
aay pred«dy» luoilv to tii»t of spanv reptiles. In tbe EustHtnopttroit 
n cntksl eiKamioarioB of Biysnt's descr^rtkm mid itlaatrstion of the 
orbito^henoid must ettr^ satisfy one that it is the posterolateral 
ooraer of a restively normal ethmoqphenoidal ossification which is 
here identified as a basipterygoid process 

One most also take exception to Watson's assumption that the 
metapterygoid of the Osteolqn^ is the homoloeue of the epipteiy* 
ipdd of Embolomeri (vide postea, pp. 

This assumed homology rests only on his further assun^on that 
certain branches of the fifth nerve passed in certain relation to the 
dorni margin of the bone. Even if we grant his assumption, as to 
die ^tial relations of the bone and the branches of the neive, the 
homology is by no means proven, Kestevcn demonstrated quite oon- 
dusivefy that die ration of the branches of the fifth nerve to homo- 
lof^ous bones is variable, and unreliable as a definitive feature i.i deter- 
mminf homologies (K^eyen, 1926). 

As a matter of fact, this hmnology is so far fetched that it could 
only have been si^^gest^ by one in search of evidence in suppmt of a 
preconceived theoiy; it would be amusing if it were not resettable. 

Ridewood, in 1904, described the neurm crania of a numter of moto 
or less abnormal teleostean forms, and several of his illustia^ns 
have been reproduced by Gregory (1933), who gives in addition 
ilhutredons ot a number and a wide ranS of normal crania. It is 
suggested that if Watson’s illustrations of the neural cranium of 
Osteoli^ sad Bryant's Eusthenopterm be compared with diese and 
with figure 4 of this communication, such a comparison must con¬ 
vince me unbiassed student that the fossil neuroennia are readily 
interptetable In terms of that of the modern fishes. The resemblance 
is essentially to the fishes. One notes that the parasphenoid is missing. 

Watson writes (p. 234), "The neural cranium of the osteoleinds 
was first, though quite inadequately, described ^ Rohon; later again 
misleedingly, by myself and H. Day and by E. A. Anderson; and 
finally more successfully by W. L. Bryant Dr. Bryant’s description 
is, as Dr. Stensto informs me, and I have been able to confirm, from 
an examination of the original material, inaccurate in certain 
respects 

Notwithstanding all this difficulty and divergence of interpreta¬ 
tion, Dr. Watson uses his latest interpretation with complete confi¬ 
dence to supply evidence as to the evolution of the Amphibia, He tells 
us that the arguments of his oommumcation rest upon the structures 
of the Embolomerous Amphibia and of the Osteolepid fish. As a 
matter of actual fact, then, the whole of his argument on their cranial 
structure in support of the crossopterygian otigin of the Amphibia, 
rests lately on assumed structures whi^ may or may not have been 
present m the neurocrania of Otteolefis and Eusthenoptero*, and on 
uie similarify of the dermal covering of the skulls. 

Dr, Watsm's three drawings of the lateral view of the neural 
crania ate raisleading, and almost partake of tbe nature of "special 
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pleadiiw/’ HIb other ilht«tratioa« dnir very phlafy'tliat llnw neinfel 
crania ui a dona! or ventral vieiv wotdd have thoim even las r oe m ' 
blance than do these latetal views. 

The similarity of the dorsal dermal psttem of Cheintepts to dwt 
of modem Acutdiopterysii has been discussed pravioualy. Gregory 
(1933) has reproduced Watson's illustration of ttiis and of the Area 
illustrated on pan 197 of the work. These may be oonvemently com' 
pared with the dorsal pattern of the modems illustrated on Inc bier 
pages of Gregory’s work. 

At the same time it may be pointed out that if shnibrity of dorsal 
dermal pattern may be accepted as evidence of genetic rebtionahip, 
then the converse mould be true. 

A classification of the modem fisha based on sudi a premise 
would indeed lead to a chaotic grouping of the living forma. 

Watson writes (p. 245), “A comparison widi Macropom 0 (one of 
the Coebcanth fi^) shows quite clearly that the pituitary fosn by 
within the basisphenoid between the bauptery^d proceasa, and the 
position of the pineal foramen coi^rms the incw diat the thtdamen* 
cephalon by in the hinder parb of the anterior section of die nenral 
cranium.” There is no certainty that a pined foramen is pre se nt 
Many modem fisha ochibit d^ciencia m the dorsal roof, in the 
porition of a possible pineal foramen, but these are not of that 
character. 

Quite apart from the fact that the basisphenoid bone of Maerefoma 
ditfas maric^Iy from that of the OsteoUpi^, aa restored fav Watson 
(and there is no certainty that the bone in Maeropoma u a basi* 
sphmoid at ail), Watson has himself advanced the strangest evidence 
aranst the possibility of the brain extending into the "anterior section 
of the neural cranium.” 

He hu advanced evidence that there is a jmnt between the two 
"sections” of the "neural cranium,” and that die joint functioned as 
such, that is to say, he believa that there was actual movement about 
this joint. 

It appears highly improbable ^at the brdn should have been sub¬ 
jected to stress and strain by lying acroa a joint There is no doubt 
that the joint between the dorsal derm bones in the Dinonur skull 
(with which Watson compares it) lia entirely in front of the brain, 
as does that of the parrot’s skull. 

The BratHCttse of the Carboniferotu CrottopUrygim Megolkhthys 

1^ A. S. Romer. 

The neurocranium has already been discussed, but further com¬ 
ments are called for. In a bter paper (1941) he hu described the 
hyomandibular of this fish in detail His specimen indkata that the 
bme wu binarticulate and he wu of^ the opinion that diis wu an 
unique future. He statu (p. 147), "in all fish hitherto known, the 
hyomandibular has but a sinpe atta^ment" This is quite erroneous, 
die hyomandibular bmu of recent fisha present one, two or dira 
distinct and separated articular facets. Kesteven (1926, p. 208) pro¬ 
posed the tcnns mon-, bin- and trin-ardculate u descriptive of ooth 
die bone and die type of articulatioa It is poaibte that this hyoman- 
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ifitmlar attsdied to the deaS in die aanie maimef aa the hmarticif^ 
late t$|>ei aaaohgat the teemt filh. It baa not yet been foimd actually 
ibplate* 

ft M believed fay Romer and othera diat the two articulationa of the 
bene were placed above one another. Whilst the two dqiregsions 
present on lm side wall of the skull justify die belief, it is possible 
that the lower really gave attachment to the anterior end of die 
farandual skdeton, it is certainly in the position of such facets on 
numbers of the recent fish. 

There are quite important factors which give support to this sug¬ 
gestion. First, it seems reasonable to assume that die hyomandibular 
was, at least, as firmly bound to the opercular bones and cheek plates 
as in living archaic fidies. Therefore, if the bone was articulated 
to the skull at two points, one above the other, then all these bones 
must -have been so fin^ fixed that the movements of respiration 
would have been hnpossiUe. 

Neither abduction, adduction nor rotation would have been pos¬ 
sible about the Iwomandibulo-cranial joint, but on the other ^and, 
the well-develc^)ca articular heads of the bone indicate a funeiional 
joiiit If Rom^s illustration of the hyomandibular bone is correct, 
then, with the two facets in place in the depressions he illustrates on 
the skull, the shaft of die bone would have, apparently, been directed 
upwards and backwards. If, as in other binarticulate bones, the two 
joints were placed at die same level, one behind the odier, the direc¬ 
tion of the bone would have been normal, and, of course, the normal 
movements of resjaration could have taken place. 

Romer writes ^at comparison with Cerafodia suggests that “two 
small tubers’* on the ventro-lateral surface of the otic capsule “afford 
origin for branchial levator muscles.” 

The facts are that in Ceraiodus the levator branchii muscles arise 
from the underside of the cartilaginous roof of the branchial fossa and 
from the perfectly smooth surface of that ceiling (Kesteven, 1944, pp. 
140-141). It is very exceptional for muscles to arise from tubercles 
or tuberosities on ^e skull of any of the fishes. The characteristic 
condition is that they arise from fiat surfaces, and from fossae 
separated by flanges or ridges, to which the musdes, commonly, are 
not attached. 

In the present instance it is evident that Romer did not make 
an examination of the actual conditions in Ceratodus. Had he done 
30 his dissection would have prevented him from making such a 
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nson 

whole of the arguments of Romer and others in the attempt to 


establish similarities between the suspensoniim of the CrossopCery- 
and that of the Tetrapods, are discounted by the fact that In the 
Fishes, suq>ension is effected by the hyomandibular, which is daced 
between the quadrate and the sl^l. The Chimeroids are die only fish 
in which the quadrate is attached directly to the skull. Romer 
cusses the attachments of the quadrate to the skull, and the quesli'^n 


whether they are primary or secondary. The weight of cmbr\o- 
k^cal evidence was accepted, two or three decades ago, as proving 
tfam to be secondafy, and this has not, I bdieve, been qtiestioned 
ainec. All the evidence in question also indicates that no part of the 
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hyoid hu fibtcrtfd into tho fottnAtloo ol tibo icttiMdbAfM^^of ^ Hmt 

S uadrate. Therofore, in the presence of a hyoOiandMwitlr, ^ •M>‘fak. 
lie pretence of a fURdamentalty itnportaot fMtpto wUdl 
guishes the vdiole of the rest of ttie fisbei from dif Qiitaccoids 
well as from the Long fishes and the rest of the 
It should be noted that the whole of die argtnaatits are &octed[ 
towards establishing similarities and homologies between Cto ss cy te ry*- 
mans and tetrapods which are obviously sm admktedly pres^ ag 
between Dipnoans and Tetrapods. Althot^ cognbant of diia, 
p'?laeonto)ogists have failed to realise its TmporUiice because the* 
palate of the Dipnoans is so peculiarly specialised. 

Romer writes^ *'it is unquestionable that the crossopterygiana ami 
lung fishes are allied stocks But comparison of their endoeranial 
structures is difficult. Part of this is due to marked difference in jaw 
structure and articulations. But further difficulties are due to the fact 
that living lung fishes have surely departed widely from the ancestral 
type in braincase structure, as they are known to have done in the 
case of the dermal dceleton.’' 

There is no evidence that the braincase of the tnodem Dipnqana 
has departed in any important detail from that of the earfy forms, 
or from the ancestral type. The modification of the dermal shield 
cannot be accepted as evidence of any such change. 

On the Structure of the Snout of the Crossopterygians and Lower 
Gnathostomes in Genercd, E Jarvik (1942), 

Jarvik describes the snouts of three crossopterygian spedea In 
great detail The work is based on reconstructions from serially 
sectioned material, and the correlation of features presented in several 
^ccimcns There is every reason to bcKeve that he has presented ua 
vrith correct descriptions and illustrations of the three mouts. 

Jarvik has no doubt that both the rhipidistian spedes illustrated 
were choanate, and at first sight his descriptions and iUustrations of 
Eustkenopteron, at least, appear convincing A more critical examina*- 
tion of his evidence, however, leaves one very much in doubt. The 
specimen is undoubtedly portion of a fish, and the description is con¬ 
fined to bony parts In all recent ganoids and in a very large number 
of the modem fishes there is much cartilage related to Ae cthmo- 
sphenoidal ossifications In the absence of this cartilage the nasal 
capsules of quite a few forms would appear to open vcntrally. Also 
there is a gap, in the situation of the 'Internal naris*' in the palate 
of Eustkenopteron, between the palatal bones of many recent fish. 
This gap is made good in the living fish by cartil^e and/or con¬ 
nective tisbue. It must not be forgotten that the surviving ganoids are 
not choanate These recent ganoids are realty the only factiw evidence 
we have as to what the structure of the ganoids was. 

After the most detailed "restoration” of the constitution and dis¬ 
tribution of the cranial nerves and other soft structures m rdatioU 
to the snouts of Porolepis and Eustkenopteron, Jarvik concludes that 
Oie Urodeles are deriv^ from the Forolepiformes, tod ffie Axmra 
from the Osteoleptformes. 

If Jarvik’s restorations might be accepted as evidence, there is w> 
doubt that they would siq^ort his contention, but remembering that 



TetNtpoit 119 

' jlite|Mi4^^trtAia «re tuii$Q^bte()ly tAA|« of fiih, and ptvteiit nost of tliue 
nw i y i rtw of ^ Mnrocnuiia (oderoUv, dim it no doidd that aii^ 
a4litC){diit cmld die distribution of die abnial 

tibn^ fmd kieatioa of die i^ira tdQod vessels in accord with the 
elenen} pe#eni of tbe fidies just as oonvincinely, and with, perfaapst 
tiKHre justincati<w> ^ie contribution to factuu evidence is his care- 
nd descr^ition and dlustration of the three snouts. All his rtstora- 
doOs are merely rdterations of his conviction that thf^ mdiibit 
natphibiao characteristics. The evidence siq^rting his oondusion as 
to the derivation of the two recent amphibian mups resolves itself 
into die facts diat the nasal cap^es of the PoroTepiformes are widdy 
fcparated, whilst diose of the Osteolepiformes are separated by on^ 
a nasal s^um. 

Jarvik overtodcs, or neglects, the fact that in some of the Urodela 
the nasal apsides are separated by only a septum as in the majority 
of the Anura, whilst in some of die latter the capsules are separated 
as in die majori^ of the Urodda. These facts throw very grave 
doubts on die verity of his ccmclusions. 

it might, ctmceivably, be swgcsted that since the capsular con- 
didons ated Jarvik are, in the mrin, characteristic of each of the 
two classes, those which depart therefrom are degenerate, or other¬ 
wise specialised. As a deface of his thesis, this argument must 
defeat itself. If it tw granted that either form may be derived from 
the other direedy, by degeneration or otfaerwise, then, wherever it 
occurs it may have bm so derived. 

1 have re^tedly insisted, both for myself and others, that because 
none of our problems in evolution are, as ^et, capable of mathematical 
presentation and proof, we are not jusnfied in stating any of our 
opinions or conclusions dogmatically or, m effect, writing QE.D. 
after any of them. 1 may, therefore, perhaps be permitted to record 
a protest against the presentation ot opinions ("restorations”) as 
though they were facts. This practice imposes upon readers the 
necessity of being constandy on the alert, lest they be misled into 
accepting those opinions as factual evidence, and calls for an irksome 
degree of concentration in the reading. 

The Homology of the Chossopterygian Metaptbrygoid Bomb. 

An extraordinary confusion has resulted from the application of 
the designation "epipteiygoid” to a certain bone in the wall of the 
cranial cavity of fossil amphibians and on the palatoquadrate of 
certain fossil fish Save-Soderbergh (1936, p. 145) wrote; 

"The extension of the epipterygoid ossification in Lyrocephalus to 
Include both basal, ascending and otic processes of the palatoquadrate 
throws a new light on the nature of the so-call«l metaptenrgoid of die 
Gielacanthids. It has already been shown by .Stensio that diis 
mefapterygoid corresponds to the processus bom/tr, aseendens and 
otieus of the palatoquadrate in Dipnoi and Tetrapods. We are now 
able to go fumer and say t^t w so-called metaptei^goid of the 
Coelacanthids is die exact equivalent of a well-ossifiea epipterygoid of 
n Labyrindiodoat And even if it ia probable that the bone dia- 
cusaed arose ind^endendy in the two groims by fragmentation of a 
coadihioiu palatdi)uadrate ossificadon, it is erident: (1) that the 
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bone discuiMd of the Co«)acaf>thidft is mudi fpdre dossifjrMoii^n^ 
to the epiptem^ of the Tetrapodi th «9 the ^aetaptei^^w ^ nth 
Actmoptet^i; (2) that the presence of spch comptf^f 

bones » ementiy due to closdy comparMt mechm^e^ eoo- 
ditioos in the two groups, indicating a dose rdafioIH^hh^ AcooAl!i)gW» 
it seems more correct that the bone discusaed be caDed the' epjlptecySOMt 
alao In die Codacandiids." 

So much of this quotation is so utterly at variance with generally 
scooted belief, that the absence of aignment or evidence in support 
of its astonishing statements makes one wonder whether it is not 
entirely due to careless terminological inexactitude. It cannot, hoa^ 
ever, be dismissed so lightly. To Mgin with, his so-call^ epiptmgoid 
(cpt. fig. 5) is probably a prootic ossification, and posnUy a predciei^ 
minate alispbenoid bone. 

It will have been noted that in the above quotation he states that 
the epipterygoid ossification of Lyrocephdtus indudes not only die 
ascending process, but all three processes. He then states that the 
metqiterygoid of Cbelacanths has been shown by Stensid to oorre- 
npond to alt three processes of the palatoquadrate of Dipnoi ai^ 
Tetrapods, and next states that this metepterygoid is the "exact equi¬ 
valent” of an epipterygoid in a Labyiinthodont Thta is, in effect* 
stating that the ascending process of the qua^te m this Latwrindio- 
dont IS homoloTOus with all three processes in the Dipnoi ana Tetra¬ 
pods. But the Labyiinthodont is Itself a Tetrapodl 



The exact comprism of the quotation is based upon the supposed 
participatiem of me metapterygoid in the formation of a cavum e^- 
ptericum in the fish, and on the assumption that in the fishes in 
question the palatoquadrate was suspended from the skull by the 
metepterygoid alone. 

The discovery of the complete and perfeedy typical hyomandibular 
in MtgaHchthys and in Lotimtrio coitapletely disposes the latter 
assumption, and with it the "closdy comparable mechanical conditions." 

It is, of course, well known that die palatoquadrate is attadied 
posteriorly in all amphibians, except the CoecUians, by basal, otic and 
ascending processes. In the Gieciltans only the ascending process is 
present. It is equally well known that the processus asc^ena is 
present in embryonic stages, of all reptiles, and persists as atk 
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llKfep^«nt hoot ixx Laceitilia, Rbyncoc^ilialia and 

«Qflp£ 9^fer i«|itue$. 

Unfortutm^Vi Imt bone was a^fuscd with the atisphenoid bone 
of the Crooodllia and Cynodontia, so that this and the alis^enoid 
bone of some amphibians came to be designated epipterygoid. Kes^ 
vcn (1918^ 1926 and 1941) pointed out uiat whilst the t>one in the 
Cyrkxloats was pretty certainly homok^;[ous with the alisphenoid of 
the Munmalia it was not homdogoug with the epipterygoid bone. 

Be that as it may* the fact is that any bone in the side wall of the 
cranial cavity of an amphibian or a rutile may be designated *'epi- 
Pleiygoid” cidy if it be deemed to be Immologous with the processus 
asccndens quadrati. Sive-Soderbergb is not atoe m describing on die 
palatoquadrate of fidies and in the side wall of the cranial cavity of 
oertain amfdiibians an ''epiptei 3 ^td bone”; a processus ascendeiu 
quadrati; which has, attached to it, asqending, basd and ode processes. 

In view of the presence of die ascending process as one of the 
attachments of the palatoquadrate In all recent amjdiibians and in so 
many reptiles, we are surely simply compelled to regard it as an 
inherited feature. Further, since all three processes are present in all 
recent Urodela, Anura and Dipnoi, they, too, must be regarded as 
havbg been inherited from the common ancestor. If these m deemed 
reasonable assumpdons, then it would seem to follow that primidve 
amphibians also had these same three processes. If not, whence came 
they in alt the recent forms ? 

Wiatever be the answer to the last question it is quite wrong to 
designate any structure the epipterygoid bone, unless it be equated 
with the processus ascendens quadrati. 

Stensio, Save-Soderbergh and Watson all fail to compare the 
palatoquadrate arch of the Crossopterygians with those of Ashes The 
comparison is attempted here, and since illustrations convey shape 
and reladons better than words the palato-quadrate arches of 
Wimama, Meuropoma, Lepidosteus, Salmo, Epvnephalus and JLod- 
meria are pictured below (Fig. 6). It is surely quite clear that the only 
differences between these specimens are tliosc due only to variation in 
the length and width of the component bones The close resemblance of 
Smith’s description and illustrations of the bones in LaUmena to lhos*c 
of the fossil forms justifies confidence in the correctness of the 
descriptions of the palaeontologists These arc fairly certainly, not 
coincidental resemblances. The bones arc the same in the fossils and 
in the living forms. 

It may be concluded that the metapterygoid bone of the Crosso- 
pterygians is not merely homologous with the bone of the same name 
in the recent fish, it is that bone. 

The Palato-pterygoid Portion of the Quadrato-palatal Arch 

Romer (1937) offered an exceedingly interesting “working hypo¬ 
thesis'^ which, he says, is far more consistent with known palaeonto¬ 
logical facts than those based primarily on embryology, whidi are 
now current. It is that in the primitive gnathostomc the upper end 
of the maxillary and upper ends of the rest of the arches were fused 
to the ricull. 
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It a(|M» 4lK(^CMt«^. explanation for the ori^ of the palato*^ 
plMWQm&MkNI of the ard!> and ope uncart understandable tion 


tiMrtgeneraQjr acenled at present. The preaent bdief is that tiie hppef 
end ^ the ardi |a art the artadupent to the dmll behind, and the 
frtciyfeid pm c ei o i$ deemed to be e seoondary anterior growth. If 
KQftw’t SUggestioQ is correct, then the upper end of die arch must 
bp the wttf^ ciadt so commonly attached to the ethmoid. The palato* 
pterygoid pOrtien wmiid be r^rded as tiie body of the original half- 
ar^ and the quadrate and its processes of attachment would all be 
deetM to be seeopdary developments, \n response to the mechanical 
need of firm fixatma of the jaw joint, and the efficient development 
ofvifie joint itsdf. 

This explanation of the origin of the anterior portion of the palato- 
quadnte arch^ gra nt ed that Romer's suggestion is correct, is not onlv 
a very rimftie one but it is supported by the fnechanical factors which 
may reasmiably be thought to have been operating. The current theory 
is oased entirely on cmbryological evidence and is devoid of any 
mechanical explanation ; nor does it explain why the anterior end of 
the process is so cormnonly continuous with the ethmoid. 

It may be said that in a stuc^ of the cefrfialic musculature of the 
Elamobrahchii, the serial homol^ of the muscles of the branchial, 
hyoid and mandibutar arches can only be understood on the assump¬ 
tion that the palato-pterygoid process is, itself, the upper half of the 
Maxillo-mandibalar arch, (yidi Vetter 1874, 1878, Edgeworth 1935, 
UghtoDer 1939, K^even 1^2-45.) 

SocHon III 


The most convincing presentations of the case for the crossoptery- 
gian origin of the Tetrapods were the earlier contributions. Tbm 
were ba^d entirely upon the various features wherein the fossils 
clearly resembled the primitive amphibians. The most important 
evidence was tiiat provided by the Upper Devonian fish, Eustkeno^ 
pterm In fact, it is almost true to say that the whole case rested upon 
the marked similarity of certain features in the demia] shield and 
palate of this fish to those of the Embolomeri, primitive amf^ibians 
from the Coal Measures. The ca<^ has, since then, been further 
strengffiened by the resemblances of the ichthyostegidae, Upper 
Devonian amphibians, to Eusthenopteron and some of the other 
Devonian and Carboniferous Croasopterygiana. 

Altbougfa palaeootcriogists have interpreted the better preserved 
neurocrania of these fossil fishes as supporting the crosso^erygian 
origin of tile tetrapods, the fact remains that tiicsc are essentially the 
neurocrania of fish, and, as a matter of fact, bear very little resem- 
blance to those of the primitive, fossil, amirfiibians. 

Although tiie mutiad resemblances of the dermal shields and palates 
of the primitive fishes and amphibians does justify a belief in the 
accepted tiieory, the evidence is far from convincing. A critical 
examination of the facts available leads to the belief that the dawn 


of the Tetrapo^ antedated the appearance of the Crossopterygiana 
and took place m Lower Devonian times or earlier. 

Tl^ earUest knowii Crossopterygian is apparently PoroUpU, which 
^ipcarcd in the Lowet Devonian. Unfortunately, nothing is known 
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of its palate beyond the ha tint the pemlilU^ iim egcMOdel 
far forward, as h other mc i abera of 4ke lao that Qm)W 

waa a tootfa-beariiig premaxilla. The evidenoa ii'ddi^i ha At 
as it goes, it suggests very stroogly that the palhtc'irta ini&ar toi thit 
of the Croast^etygia generally. ' ' " ' ' 

The Dipnoi and the Idithyostegidae appear Hjogether^, in point of 
time, in the Upper Devonian. There is no dodht tBafm latter trert 
tetrapods, that in fact they were am^ibians. There tk no feSaOtt tit 
believe that the Devonian dipnoans differed in anjt ittpotttnt resdect 
from the recent forms, and the woHc of Kest^en (T^, a'AMo h^ 
1942-45) wd Kerr (^1932^ should have r e moved any'doubt that they 
are primitive amphibians also. 

There were, then, two distinct tetrapod types (Boating in DcfvtJiu^A- 
times, and they must have been derived from an earlier ancestor. There 
is a general agreement that these two primitive tetrapods were derived 
from a common stock. It is obvious that the Ichtl^ostegids and the 
Dipnoans cannot have been derived from contemporaneous Crosso- 
ptei^giws, and, therefore, notwithstanding the many features of 
similarity, we must look elsewhere for the common ancestor of these 
two earliest tetrapods 

Before proceeding further it would be well to briefly review the 
features of similarity between the Ichthyostegids and the Diptmans. 

Save-Soderbergh (1932, p. 98) wrote-—'‘in certab characters 
Diptirus seems to be more nearly related to the Ichthyostegids than 
arc the Crossopterygians Thus, its dermosphcnotic seems to have 
fused with the postorbital; on the right of the specimen figured the 
supratemporal has fused with the btertemporal, and finally there is 
is an unpaired central panetal, whereas in Crossopterygians thm 
are only paired paneUl elements " Hr then gives details of certain dif¬ 
ferences, and, later, continues. “There is, however, also in the 
palate one feature in common to the Dipnoans and Ichthyostegids, but 
not found in the Crossopterygians, vir, the median suture between 
the anterior parts of the cntopterygoids.’* 

The position of the two nares is another feature wherein the 
Ichthyostegids resemble the Dipnoans It may be that somewhat 
similar nares are present in some Crossopterygiana. 

There is yet another, and very important, feature in which the 
two tetrapods both differed from the Crossopterygians This is the 
absence of the hyomandibular as a component of the suspensonum. 
Although overlooi^ or neglected by palaeontoYmsts, this is a feature 
wherein the Dipnoi, and presumably the Ichthyostegids, present a 
distinct and fundamental advance on the crosSQpteTygian condition. 

It is difficult to believe that these features of similarity could have 
arisen independently in the two tetrapods; therefore, it would seem 
that if either was derived from a ctossopterygian ancestry, both must 
have been. Since all known Crossopterygians had hyoid suspension, 
it seems improbable that the tetrapod'> were derived directh from them. 

The undoubted resemblance b the number and arrangement of 
the bones in the palate must be accounted for on the assumption that 
an three derived the palate from a common ancestor. 

The resemblance of the palate of the Dipnoans to that of tfie 
Ichthyostegids is not obvious, but it recognis^ once it is reaHsod 
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ttmtlie-dW teff a c a a anr due to the ahunet of bonet from die fotiuer. 
]t 111 gB B eya to d9<Md that the pectdiar dmiacter of tfad Dipnoaft 
IMbiib w doe b extreme qiedaltaatioii, wfalda liae rcsuHod in die ht*$ 
€£>^ bdnee rebted to die pelato-^eiycnd portion of the maidllanr 
arch. The bmee rditch remaui differ from the corre^nodinf dementa 
in the prsmtiTe anqihiblan palates, in size only, not m their relations 
to ene another or to the bam of dm cnmom (Fig. 7). The essential 
dmibnty «f dtes<t bones is only pardy disguim die pecidiar 
teeth on fhoN df the DtpnoaM, and diis difference in the teeth should 
net be deemed of phyio^etic importuioe becanse we observe equally 
marked differences in me teeth of, rektivdy closely related Elasmo- 
brandm 




A B 

Fiff. T^Two DipMu p>ht.di. 

The important concept here is that the differences in the lateral 
parts of the palates is dne to loss of bones from that of the Dipnoans. 
It will be o b se r ved that this is referred to as a concqit, not as a 
fact; it M based upon an assumption. If that assumption is accepted 
as reasonable, then, one is emboldened to say that in their cranial 
ostrok^, the Ichthyostegids may almost be regarded as Dipnous 
which nave not lost die uteral elements of the palate, and in which 
the parasidienoid bme has undereone a further reducdon towards 
diat comidete loss seen in the Sautla. 

The ruction of die parasidienoid bone in the Embolomeri and the 
Ichthj^egidae is another tact which makes it difiicult to bdieve 
diat Die Tetrapods have been derived from the Crossopterygians. 

The Tetrapods can only be derived from the Crosaqpteiy|bn* 
through diese two primitive groups of Amphibians. The whom of 
the atvuments in favour of such an ancestry is centred on their mutual 
resemblances. In the reduction of the parasphenoid bone these two 
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fiKM^ htvt u h mtfrt, ttog ttati ttc dwri t Wn jmiUtML 

In *Q otbtf tn^hdnuid W» ^ooft a wy tottaiwM wfl iy Wa ^ ^ 
the whole of the va a t rtmi of 6ie ocMooniWI^ mt 

f onrard beo enth dm ethmoid remoo 
If the Amphihnuui geoetnlljr b»Te been deHveil ItoMi 4lUI Olttiw 
pterygums through dOier of tbeae two gm y of 
OMiU then there mint heve been m elt dtCM othecf o xe h im fjo fhn 
pnimtrve fieh condition m the sue and i n a t wi rto i i e e Al difar Imms u 
the cQvenng of the baw of the neurpcrannim Swli a 
m an evolutionary chann would be without pualki UBa be <MBicidt 
to expiam or imderstano 

Ae^er fact which should not be neglected n dna connectioto a 
that all four groups of the St^focqihaliant ate r^iresented A Odho- 
niferous rodcs and not only is this so but a pnmrtive rqitihaa ftoop* 
the Cotykwauna are also of Carboniferona agA 
There is little room for doubt that die Embohunen and the 
Ichthyostegids were the amphibian group from which die Colylomtra 
were derived it is difficult to believe that they also gave rue to die 
very dissunilar Stegocephaluns 

After a very extendM survey of the ceididic musculature I ootdd 
find no evidence either m the embr 3 iolon or die adult anatomy, of 
any teleostome ancestry for that of the Tetrapodd On the cwmry 
It was found possible to derive it through die branchute An|ihi 
bians the Dipnoans and Holocephah direct from the clastmihran 
chian condition (Kesteven 1SK2-45) Ligbtoller was of the Mme 
opinion (1939) 

To assert tlut the resemblances of all vertebrate palates are eudi 
that —they must have been derived from a common ancestor—would 
be to make one of those dogmatic statements which I have aaid wc 
are not just Red in naking Put o general is the agreement on thu 
matter that the stitcment ^ould prib*ibh go unchallenged 

T have recet Ih r viewed the am ij,cment of die bones in die 
palates throughout the whr 1e of the anot classes of the vertebrates 
and found reason to bet c c that those f the tetrapods and the bonv 
fishes were derived from an ancestry common to both and that the 
former was not necessarily denved from the latter (Kesteven 1947) 
Reviewing the scanty evidence available it oertaiidy teems to point 
to the existence in Lower Devonian or earlier tunes of some as yet 
undiscovered ancestral form from wh ch the Dtpoot Ichthyostemdae 
and the Pmbolomen were denved and which itsdf was derived from 
in eirlier ancestor common to it and the Crossopterygians 
This same scanty evidence also justifies the eoqiectatMMi tiut when 
discovered the I ower Devonian or Stlunan protetrapod will be 
found to have a palate made up of the number of bones found m 
the amphibian palates with a large parasphenoid bone and with tfto 
quadrate porticm of the arch attache directly to the neurocrattmio 
without any hyoid component ni the auspensioii of the tqifwr jaw 
arch 

From thu protetrapod we may be p ermi t te d to bdieve that three 
distinct lines of evoluticn originated The first was fiiat leadutg to 
and ending at the Dipnoi Tne second gave rue to the Sugooffh a 



127 


Kirttpfm Ofig^ «/ tk* TttnfoA 

(■nDm (lClHnywi9!M am &ip^iPfi 2 M)i wtuchp aa Ute nama ii)|g^ 
gjiin. ri»e to me Sauna. 

Xas DtPHoi 

lUvior PijNUM are die moat pnmitive an^hibiaiis Imown to ua. 
Atthou^ they poaaesa a few very characterutic fiah Ccatotes, they 
are veiy defimtety not fish. KeUicot. (1905) was the first mvesb|ator 
to 4arry out detailed woilc and to coadooe from it that the Dipna 
are very dowdy allied to the Antphibia. In 1931 I published two 

S un rdiidi the many points of resemblance of the Dipod to the 
ibia were detailed, fa the following year, and quite indcpen- 
.j Kerr (1932) referred to a number of diose features and 
added'a few more, and he concluded (p 421) that they constituted 
"together an assemUage of features which demonstrates irrefutably, 
the dose relationship with the Amjdiibta and the dtstmetnett from 
the fishes" Dakin (1931) recorded that the body fluid of Csrafodwr 
differed fundamentdly from that of the fishes, and resembled that 
of the Amj^ibians. Recent investigations into die adnlt form (Kcs- 
teven, 1942-45) of the cephalic mnsculature, and its devdopment 
(Edgeworth, 1923) in Ceratodus and other hing fishes reveals this 
to be very primitive. In die esse of one set of muades only was any 
resemblance found to the bony fidies, in six instances me lesem- 
Uance is to the Amphibians. For the rest, the resemblance is to die 
Ehismobranehs 

Elliot Smith (1906) has two paragraphs which are of particular 
interest to the present discussion, in the summaTy of his description 
of the foredmun of Lepidosiren 

"(1) If die features of the bram in the Dipnoi be considered as 
a whole, they will be found to amroximate mmek more neatly to those 
of the Amphibia than to those ot any other vertebrate. 

"(9) The high state of devdemment of the cerebral hemisphere in 
die Dipnoi ^jiyes us two alternatives from whidi to dioose as to the 
rdadve pontiona of the Amphibians and the Dipnoi :->eitfaer dm 
Ainphibian hemisphere has psssed throu^ a state oorreqiondhig'Jh 
that of the Dinm and has then undergone a seoondaiy retrogrSde 
change, or the Dipnoi are nearer to the mam stream, whteh has fed to 
the origin of the Anunotes " (The italics are mine ) 

Confining himsdf, largely, to the dermal covenng bones, Stensio 
eiqiressed the opinion that—"The study of the Coelacanths seems to 
hdp In dirowing fresh light on the reladonahip of the Dipnoi and 
the Crossrqiteiygians. According to our present knowledge, me latter, 
or forma very nearly allied to them, must be considered as ancestors 
to the Dipnoaas, and must consequendy be grouped dose uyedier 
with them from a systematic point of view There it no iustt&oHon 
at all for Mparatmg the Dipnoi from the TeUostomet, as hat mtherto 
often been done." (The italics are mine.) TUa statement fa denwn- 
Mraldy quite wrong. 

It ta atflunitted diat the tabulation below is, as Kerr said, an 
irrefutable demonstration of the dose rdationabip of the Dipnoi and 
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the Amphibia It la further submitted diet sudi a ptfpa04^tmen 
evidence of retetnblanccs must be accepted as pratviag thitt thd lMi% 
Dipnoi are actuaJly primitive Amphibians 
It may be pointed out that whilst there u room for d dfei e oce oi 
opinion as to the interpretation of characters No 4 and 5 to the 
fdlowtng table the remainder are statements of fact, and do not 
introduce the personal factor at all 

Tabul 1 

klLATlONSBIP OP THK Dll NOI TO m AltnimA 


Tk» lollewtes Stpaou t hr— 
t&n —r—*-*- (IM NDM titmrt- 
ten •— 

<11 THi BMriy m m p Wt m tm 
UluliMtoi lueii* «f tM 
tkaa 

<t) Thit InUrMl opnlae 
1^ Um oLoemt (Lat- 
•nl enuiUl tantra) 

IS) Tha aoioaiylla aaS 
laoBindatylla anipmloB 

<4) TSa Banl capsnlc 

<S) The dermal nof pattorn 

(S) TIm form of Um frootal 
SoBa. 

<T) TSo form of Um S«Dam 
ooal bono 

<l) TIm form of Um loro 
brain 

19) Tho pooocoaloB of inter 
Ml nam 

<19) Th* foina of Um hoart 
<11) Tht arterial sfotem 
(18) Tbo venooo oyotom 
tlS) Tho Am 

04) Tha form and nmeUon 
of tho air bladdor 

tlB) The Mnifltura and pool 
Uon of the aiottla 
U81 The lOMcailon nf an epl 
Itlottlo 

(17) Tho pommilon of a tnio 
P«.hrlc alrdlo 

(16) Tha maliiiK call of tho 
mak 


(19) Hio bodr flwd 

(20] Tho cTtoloKleal rharae 
tor of evorjr Ihiio In 
tho taodj 

(41) Tho fonn of the bodr 
(S8) Tbo medo af owlmmlnff 
(2S) Tho bonoi of tho palate 

(24) Tho eharaettr of tho 

•ealoi 


(Zfl) Tbo Cot 1 Moode 
(26) fho Cora Hooolc 
(ST) Tho II Intarhpoldra 

(89) Tho M ro t m ot or maa 
dlhnlM 


(291 The Mm Sator- 


(90) 19m Mm. Imtono 
ai^Mhdn hraaehlalliUB 


In tha 
AmpblbU 


+ 


+ 

4 - 

+ 

+ 

+ 

4 * 

4 - 

+ 

+ 

4 - 

+ 

+ 

+ 

+ 

+ 

+ 


+ 



4 - 


+ 


+ 

+ 


+ 

+ 

+ 


+ 

+ 


+ 
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IMPS IMM 


i$U n» V. 
«tiv 71 ^ to. 
im tte IL 


<M) n« M «pnMOMatoi 


(to to M wiMtifarwhto. 

(M) to V p ta rwol M ^ 

<fT) Tha M qu rt ralwaa adU 
toHi 

CM> Ito. ptaml eoona af 
daTvlopnaafc 

(It) to mod* o< ika 4 a. 
ai l o yaot of (ba flx 
tmal foTMi. 

(4t) Tfca uaaaar of tha 4a- 
aafa pa o Bt of tha toro- 
to— b at ad anriala 

(41) Tb na&Mr of tba 4^ 
yatipmaal of tlia foa 
pUbaa ohoraotira In 

tlw aitarUI ipitaa 

<41) Tb MMMr of Um 4a> 
oido pm on L of tiba n 
phlUan aharaotcn in 

tho ytnom ayaUn 

(48) Tha davatopiMiit of the 
oorabral baimopbaiOB 

(44) The tarly form of tha 
ohandroenuDlnA 

(48) Tha doralopttvat of tha 
biweil eavltp 

(41) The form of ptttritarT 
Intnhitlon 

(47) Tha dmlopmant of tha 
flaok sUndf 

<48 Th* daaa)opiii€Bt of tha 
camont o suo 

(49) Iba hlctory of tha pala 
toqoodraU 

(Bt) lha davatopmant of tha 
M ooouUarU 

(•1) The drralopiiient of tba 
If rairaotor nuuulftinilM 

(B8) The dorrhipiiMnt of tba 
other muaolM of tha 

head 


(88) The dcealopiBaiit of 
o a f lo n t ho from tha 
daatoa andolpmphat earn 
of iha otoapat 

(S4) Tha cytalaa of all the 
ambeponlo tunai 

(9ft) Tha daealoviiMat of troo 
aBtlamal stfii 

(98) Tho a«t of eopulatlon 

(97) Tho faat that tho nrolv 
hatahad peoif niut he 
permittid to rait with 
tho month ottt of water 
or they win drown 


Ja tho 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 


1» tba 

asL 

+ 



+ 


+ 


+ 


+ 


+ 
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Tas Evolution of the Tbt&afoo Limbs. 


Beyond doubt, the tetrapod limb has been evolved from MotAt form 
of fia The palaeontok^ts, with their view lai^y directed by the 
finger-posts of tiie bone-paved road thw travel, have devoted ttidr 
contributions to the attempt to decide is the most likely way in 
which the bony segments of such fins as those of Sauripterue a^ 
Eusthenopteron may have rearranged themsdves into the primitive 
limb pattern, such as that of Eryops 
Gre^pry (1935), and Romer and Byrne (1931), have given con- 
sidcrauon to the effect of the attached muscles upon the rotation of 
the limb, but, so far as I am aware, no evidence has been produced 
by the palaeontologists that the musculature of the fin types sdected 
as precursory to me limb type, was arranged s^mentally almig the 
Icn^ of the fin. In the living Crossopterygian Polypterus, and prob¬ 
ably also in Latimeria, there is no such se^ental arrangement of the 
muscle. In Neoceratodus, however, the muscle extends along die fins 
in a series of segments, in such wise as to permit of the differential 
movement of the s^ments of the fin upon one another (Fig. 8). It 
seems obvious that some such arrangement as this was essential as a 

E rerequisite to the development of a jointed limb. The fins of the 
hpnoi were of an extremely generalised type, such as may be imagined 
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to have been cq»Uc of variatkn, tnxler the influence of this differen- 
tial fuppljr of miadei, and to have been capable of yiddbg, amongst 
these venations, the one which proved to be the starting pmt of 
the tetrapod limb. 

Of course, this is not evidence that the tetrapod limb was derived 
from an ardiipterygium, but it must at least be conceded that ti^e 
Dipnen certainly possess^ the one mechanical kinetic factor neces* 
sary for die evolution of the jointed limb. 

The fact that Neoceraiodus uses the pectoral limb to crawl dumsily 
out on to sloping rock to bade, is not evidence that it was used in 
the one way which would seem to have been most important to the 
production of a limb. Periophthedmus and a large number of the 
Gobiadae use the p«^ral limbs in this manner a long way more 
•efficiently than the bipnoan does. 

I have illustrated a dissection of the musdes of the fin of Neocera- 
Jodus which depicts the sq^mental arrangement of the musdes. and 
also the cartila^nous skeleton of the fin. I have not attempted to 
present drawings of hypothetical modifications of this fin, but it is 
obvious that its generalised form would permit changes to fit almost 
any series of mt^ifications culminating in a primitive limb. 

Conclusion 

The natural classification of the vertebrate has been attempted by 
so many well-qualified men that to present still another dassificadoii 
calls, perhaps, for some justification. 

It may 1^ said of all recent attempts that ihey are based upon 
incomplete surveys of the facts which should be pass^ in review, 
and the present suffers from the same shortcoming. This is probably 
unavoidable. No one of us can possibly make himself sufficiently 
familiar with all the facts to undertake thdr evaluation himself. 
the other hand it is submitted that an attempt to interpret the facts 
•observed in a restricted field, but including all the vertebrate groups, 
by one who has devoted many years to the examination of those facts 
with that object in view, may be expected to advance the solution 
of the problem a little. 

The field selected is the head and neck. During the past forty-odd 
years, the development and the anatomy of the head and neck of a 
very wide variety of representatives of every vertebrate group has 
been studied by the writer. In the course of that work it has appeared 
that too often investigators have accounted for similarities by assum¬ 
ing that they were coincidental or mere parallelisms, analogies, and 
nut homologies, and so dismissed them. 

The peculiar mixed characters of the Holoccphali and the Sturgeon- 
like Chondrostei provide examples. 

In A and 6 of diagram I below, characters 1 to 7 are outstandingly 
elasmobranchian, whilst characters 8 to 13 are outstandingly teleosto- 
man. It can hardly be a coincidence that both the Chondrostei and 
the Holocephali combine so many of these characteristics. It seems 
that the omy reasonable interpretation of the facts is that these 
13 characteristics were present, actually or potentially, in the common 
•ancestor of all four groups. 
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It IS suggested that if these four groups were represented in 
numencal equahty in the modem fauna they would all have been 
given equal rar^ and that the relegation of the two smaller to sub¬ 
groups was simply the result of their numencal mferionty and is not 
justiRed by their structure 

This concept permits the visualismg of four distinct lines of dif 
ferentiation at the dawn of the tiue Rsh epoch The Plagiostoman the 
Holocephalan the Chondrostcan and the Tclcostoman Thus we 
have four starting points for the evolution of the modem vertebrates 

If however we turn to the geological record we find a group of 
Elasmobranchs the Acanthodei which seems to combine all the 
characters of the Chondrostei and Feleostomi and we are enabled to 
reduce our stem type to thiec and all three are 1 lasmobrandis 
The plagiostoman root form presents only the outstanding charac 
ten sties of the modem Plagiostomes omitting the Holocephali with 
their autostylic suspension and tclcostoman type of branchiil arrange 
ment and opercular covering The branchial arrangement of the 
Holocephali m undoubtedly an acanthcKlian feature this suggestv 
that the two j^roups are difiercntial fonns of a common ancestor 

Therefore it is permiSMble to suppose that from some generalised 
fish fonn two main lines of evolution took definite form The one 
was the Clasmobranchian In this a primitive hyost^lic suspension 
was letained the gill clefts weic left exposed and the power to 
develop bone wis miu or less complelcl> lost 

In the second group the gills were collected under an operculum 
and the power to form l>one vas retained and improved upon In 
this group two mam lines of thMgc or specialisation soon minifesterf 
themselves In the one a modification of the hyostolic suspension 
was perfected in the other fibrous ittachments of the palat jquadrate 
arch to the cranium posteriori) were converted into cartilaginous 
and finally bon) unions and then articulations or fusions These 
two are nf course the Acanthodun and the Holocqjhalan The 
Acanthodian root in turn gi\e rise to two different stocks One of 
these the Chondre stean had inherited strongly the primitive hynstyhc 
suspcnsonal tendenc) and combined this with the other characters of 
the Acanthodei The other the Teleostoman stocl howCAcr perfected 
the modified h)ost)lic mode of suspension 

Turning finally to the Holocephalan stock we find ourselves in the 
presence of the most interesting combination of root stock characters 
in the senes lo begin with we fin I the 1 hsmobranchim specialisa 
tions very complete cartil igmous cranium ind absence of bone next 
we have the icanthohan t)pc c f bianchial skeleton with its operculum 
and finall) we find letnpod suspensirn of the palatoquadrate without 
the utilisition of Uie hyoid 

A comprehensive rcMew of the vertebrate cranium reveds that 
invariably it commences is i fenestrUed biskct and sooner or later it 
IS completed alternatnely by cartilage or bone There is little doubt 
that cartilage is the more pnmitive tissue of the two Therefore 
whilst It IS probably cor ret t lo regard the absence of bone in the 
modem Elasmobranchs as a specialisation in thil there has been a 
complete loss of bone is a craniil building tissue the entirely car 
tilaginous cranium is fundamentally a primitive condition It is in thia 
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lirtt Aat we ihould regard the cardlagiiioiis cniuAm of the modam 
Hotocephali, The abeence of bone^ borweveri is agiln a ^tedattutioa 
(comiMmle enedalty to the alinoet complete absence observed bi 
PolyodoB and ScafAi^yndittS} because mesozooic Holooephali 
had more or fewer dermal bony plates rdated to the craaitim. These 
modem members of the HoIooqdUli are, of course, to be rmrdcd SS 
reflecting the general constitution of the root from wfaidk the Tetra* 
pods have bem evolved, and must also be deemed to have, tiiem- 
aelvcs, departed in important particulars from tiiat stock. 

The first known definite tetrapod advance from the hdocepbalon 
stock is presented by the Dipnoi. Here we have a primitive Amphi¬ 
bian which retains a few very definitely ''fish*' characters. The out¬ 
standing resemblances to the Holocef^ali are the autostylic suq>en- 
sion, the lateral cranial fenestra (the wide opening into tiie otomne 
from the neurocrane) and the branchial basket protected hy its 
operculum. 

It cannot, of course, be argued that the Dipnoi were themsdves 
ancestral to the Tetrap^s. but it should be clear from the tabulation 
of their tetrapod characters that they had advanced so far ahead of 
the Crossopterygians along the road to the Tetrapods that they cannot 
be i^arded as having bem derived from those nah. But. at tiie same 
time, the survival of the labial cartilages functioning as laUal jaws 
in the Anura is such clear evidence of community of origin with the 
fishes that we must conclude they were both evolv^ frenn some earlier 
generalised form. 

In diagram II I have made use of the term "osteichtys" for this 
generalised fish root-stock, and I have derived from it the Hotocephali 
on the one hand and the Acanthodei on the other. From the Acan- 
thodei. I derive the Chondrostei. which are to be regarded as a ter¬ 
minal type, and the Crossopterygii. which are to be remirled as tiie 
root-stock for all the rest of the bony fishes. From the Holocei^on 
root-stock I derive the Tetrapods. 

Almost from their first appearance the Amphibians, which preceded 
all other Tetrapods in the Geological record, present themsdves in 
three very distinct types, the Dipnoi, the Embolomcri, and the Laby- 
rinthodont Amphibians. These may be interpreted as three diver¬ 
gent stocks which have evolved from the Holoccphalon stem. The 
Dipnoi must be regarded as a persistent terminal group. 

The Embolomcri and Ichthyostegidae may be united under the 
designation of Sauramphibia. to indicate that they must be 
regarded as the root-stock of the Saurians and higher Tetrapods 
generally, whilst the remainder may be designated Euamphibia. lliese 
last arc all characterised by the retention of the undivided para- 
sphenoid bone of the Fishes and are represented in the modem fauna 
by the Anura, Caecillia, and Urodela. 

The Dipnoi probably are more closely related to the Sauramphibia 
than to others (Vide quotation from Elliott Smith, p. 127). Their 
exceedingly simple palate presents us with the simplest form of the 
divided parasphenoid bone. The deletion of most of the other bones 
of the upper jaw and palate most be regarded as the outstanding 
specialisation of this form of the primitive afnfdiibian stock. Hie loss 
of bones is. in general, not phylogenetically sipiificant; it is the form. 
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also demonstrated ^Kesteven, 1941, 1^2) that the so-called pata^ 
sphenoidal rostrum in the Avian skull is a cartilage bone and a true 
presphenotdal ossification. 

The intrusion of the personal factor is unavoidable; it would be a 
weakness to try and disguise it, therefore — I find it difficult to believe 
that so important a bone in the ancestral forms should have no repre* 
sentation in the modern higher tetrapods. Especially. I find it difficult 
to understand how the parasphenoid bone of the Fishes can have 
been i>art1y replaced by two nerv ossifications in the Dipnoi. Beyond 
question the posterior portions of the two palatopterygoid bones in the 
Dipnoi occupy, together, the exact position of the lateral wings of the 
parasphenoid of the fishes. 1 must continue to regard them as beinr 
the antcro-lateral iMjrlioiis of that same bone, which has been divided 
into three When first it was suggested (Kesteven, 1916) that the 
parasphenoid had ])ersisterl in two halves in the higher vertebrate^ 
the suggestion that a single lione in lower might be homologous with 
paired bones m higher veitcbrata was novel. Later, various observers- 
thought to record the development of this bone on the base of various 
Saurians, mistaking “extrapencliondral ossification'* (Kesteven^ 
1942 A. 11 . 224) for membrane bone Hetciitly de Hcer (1936), appar¬ 
ently without being aware of e.iiher suggestion, proposed that the 
pterygoid of (>riiilhorh 3 'ncbiis be iccognised as the lateral wings of 
the parasphenoid bone, and later ilc Beer (1937) extends this idea 
by suggesting that the dorsal comixinent of the mammalian pterygoid 
is the homolngue of the same lateral wing of the parasphenoid. 

Returning to the question as to how we shall regard the paucity of 
bones in the Dipnoan palate If the palatopterygoid bones in that 
palate aic to be regarded as the ad\anced, tetraiKnl form of the 
paras]ihenoid Ixme, it appears to follow that wc must conclude that 
the paucity of other bones is the result of loss, and not of primitive 
absence. 

Final conclusions are, of course, presentetl in the last diagram. 
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Leeper, G W, M Sc Chemistry School, University Cariton, N 3 1931 

Lewis Easing^ C H, c/o Broken Hill Pty Ltd, 422 Little Collins- 1945 
street Cl 

Lewis, J M, D D Sc, * Whitethorns, * Boundary-toad. Barwood, £ 13 1921 
MacCalhim Prof Peter MC, MA, MSc, MB, ChB, DPH, 1925 
University. Carlton N 3 

MePher^n, Sir Clive CBE, 216 Domain-road South Yarra, S EI 1946 
Martin Prof L H, PhD, FInstP, University, N3 1945 

Medley, 1 D G MA University N3 1945 

Miller, t Studley, 220 Ko^ong-road, Toorak S£2 1921 

Miller, Leo F ”Moonga," Power-avenue, Malvern SE4 1929 

Millikan CRM Art Sc Plant Research Laboratory, Swan-street, 1941 
Burnley E1 

Montgomery, J N, c/o A’asian Petroleum Co Pty Ltd, 37 Queen- 1945 
street, Cl 

Moore K Byrun, II Mona place South Yaria, S E 1 1945 

Mornson, P Cronbic, M Sc 44-74 Flinders-strcet, C1 193$ 

Murdoch, Sir Keith Albany-road, Toorak SE2 1945 

Nicholas Geo R, 48 l^nsell road, Toorak, SE2 19^ 

Olsen CO BA Dip Ed 46 Gendon-road, Toorak, S E 2 1945 

Orr, Dr R Graeme MA B Ch 11 Maple grove, Toorak, S E.2 1935 

Orr Dr W F II Maple-grove ToorJe, SE2 1932 

Parr.W T 17 Bokhara road Caulfield SE8 1927 

Patton, R T D ^ , M F (Harv ), DI C, Hartley-avemic, Caol- 1922 
field. SE8 

Pescott, R T-M National Museum Melbourne, Cl • 1944- 

Piessc E Lh 43 Sackvillc-street, Kew E4 1921 

Pitt E R BA FLA, “Summerlea“• 78 RWersdale-coad, 1946 
Hawthorn E 2 

Pittman H A J, B A, B So Agr <^Hon« >, Dip Ed, Plant Research 1942 
Laboratory Swan-Street, Burnley, El 
Pncst1e> R E, MA DSc, Umvemt^ Birmingham IW 

' wie E T, BA, 27 Coltnwtreet, Essendon. WS 1909 

1 , J S 496 Punt-road, South Yam, SE1 192+ 
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A Ei V. QiAGr, II Ai DSe Gwiidl Scientific 
Wu rn d iif l T lM Re^ectraby 314 Atbcrt*>ttcet East MclLcnmc 

Uvett, Sir Onml KCUG IIA D Sc Council for Scu.nti^c 
•ad IbdttMtnftt Reicardi 314 Albert street East Melbourne 
0,2 

fbo^pentf I^^Staolcsr# M C BA M Sc F Inst P University Carlton 

Rose, FOG, DIvisiod of Regional Plsmung Post War Recoo 
stmc&OQ Canberra 

RAMo Prof S, D PhD DibBact (London) B 5e MPS 
(&d ) M B B S (Melo ) University NJ 
Saytic £. L f B Sc A Inst F Rematch Laboratones Manbymong 
W3 

Sswcll Sir Sidaey V 12 Collins strett C1 
South Dr Hubert R 59 Coll ns street C1 
Spicer P O c/o Imperial Chemical Indu^n s 380 Coll ns street 
CX 

Stillwell F Lj D Sc 44 Klphin grove Hawthorn £ 2 
Sfokes Dr H Lawrence 232 kooyong road Toorak S b 2 
Stokes Rusaell N 2 Torrcsdale road Toorak S £ 2 
Sullivan W„ 326 Exhibition street Melbourne C1 
Sundering Professor S D Sc MB B S Univcr<) ty Carlton 

Tattam C M Ph D D Sc DI Geology Department Un vcrsity 

Tckbert C O Sc Geology I>eparttncnt University Carlton N 3 

Thomas D E D Sc Mines Department Moll oume C 2 
Thomas D J M D 81 Collins street Melbourne C1 

Tlega A^soc Prof O W D Sc F R S University Carlton N 3 

Turner Professor JS MA PhD MSc University Carlton N 3 

Vail Col L £ £ D 26 Chaucer street Canterbury £ 7 
Wadham Prof S M M A Agr Dip,, University Carltot N 3 
Wantn H Central Weather Bureau Box 1289 K GPO 
Melbounie 

Wagall Dr Germld, 34 Avoca street South Yarra S £ 1 
Wettenhall^ Dr Roland R Abcrfeldie 557 Toorak road S £ 2 
White Dr A £ Rowden 14 Parliament place Melbourne C2 
Withers R B M Sc Dip F 1 Food Preservation Hescarch Labors 
tones Pnvate Bag Homebush NSW 
Woodruff Professor H A MRCS LRCP MRCVS 
84 FcDows street Kew E 4 

Woolnough W G D Sc 12A Louvain 24 Leopold street South 
Yarn S£1 

Wnght Prof R D D Sc MB MS FRACS FRACP 
Univernty Carlton N 3 

Zwar Dr B- T 2 Hamilton road Malvern S £ 4 
COINTW MBMsns 

Adams H E Danedite Weeritc Vic 
Brown W Bureau of Mineral Resources 485 Bourke street 
Melbourne C 1 

Buley J V B Sc c/o Golden Plateau N L Cracow Queensland 
Burvton Gerald Koorana Euroa Vic 
Caddy Dr Arnold Cliandpara Tvlden Vic 
Caldwell, J J Geologcal Survey Office Bendigo Vic 
Oirne Mrs Ian Seven Oaks Euroa 
Fdstewd Dr J G R Box 30 Horsham 
Gbessner M F PhD Australasian Petroleum Co Pty Ltd 
37 Queen street Melbourne C 1 

Ooe C State Rivers and Water Supply Dept 100 Exhibition street 
Cl 

Hams, WJ, BA DSc Box 34 Warragul Vc 
Hill Dr Dorothy Geology Dept University Brisbane Queensland 
Rope G B, B M E Carncal Hermitage road Newtown 
Geelong Vic 
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Litt of Mombors. 


Jcnldtt, J. J., 35 Marley-ftmt, S«le •• .. 1945 

Kai^t, J. L, &Sc^ c/oUinci Department, Treuury GatdCBt, Cl 1944 
Mwac, G., Qucenetand Mofcum, Brid»ne» Qntr—twid .. 1943 
Maduoiie, H. P., Engr. Commr., R.N. (Ret), Tnwan^ VIo. .. 1914 
Mann, S. F- Ca ranwt, Vic. .. .. .. 1922 

31^0, Mist GwenTrB.Sc., Hif^ School, Ararat.. 1946 

Middleton, Dr. F. G., KhiU, Victoria . 1946 

Payne, T. E. NevtUe. *'Woodbuni,^ Kilmore, Vic.1945 

^ayle, D. S., 133 Grcvilte-street, Prahran .. 1939 

TrebikiKk, Cwtain R. £., M.C.., WelUngton-ctreet, Kmas, Vk, .. 1921 

White, R. A., B.Sc, School of Minei, Botdigo, Vic. ..1918 

Yatei, H., School of Miner, Ballarat, Vic. .. 1943 


Absociatis. 

Adami, L., Ill Ferrart-street, South Melbourne, SJEJS .. •• 1946 

Aitken, Miu Y., M.Agr.Sc., School of Agriculture, Unmnitx, 1936 
Carlttm. NJ 

Alderman, A. R., M.Sc., Pb.D., F.G.S., Box 4331. G.P.O., Mdboonie, 1942 

Bagc, Miss F., M.Sc, O B.E., Grove-crescent, Toowong; Briabane. 1906 
S W.l, Old 

Baker, A A, 52 Garlisle-atreet, Preaton, N.18 .1946 

Baker, G., M.Sc., Geology Department, University, NJ .. 193$ 

Bottoms, E. A., 68 Robinsons-road, Hawthorn, £.2 .. .. 1943 

Brazenor, C. W.. National Museum, Ruasell-strect, Melbonnie^ C.l 1931 
Broadhurst, £, MSc, 457 St. Kilda-road, Melbourne, S.G2 1939 
Buckle, G., B.Sc., 58 Millswyn-strcct, South Yarra, S.E.1 .. .. 1945 

Butcher, A. D., M.Sc., Fisheries & Game Dept., 605 Fliadera-street, 1936 
C.1 

Butler, L. S. G., No. 3 Los Angelea Court, St. Kilda, .. 1929 

Canavan, F., c/o Broken Hill Pty. Ltd., 422 Little Collms- 1936 

street. Mclboume 

Carter, A. A. C., *'Fairholm/' Threadneedle-street, Batwyn, EB .. 1927 
Carter, A N., Box 2, *'St. Ronan,** 10 Berkele>-street, Hawtiioin, ^ 1947 
Chapman, W. D., Brigadier, M.C.E., *'Hellas,” Stawdl-ttrcet, 19:^ 
Kew, E.4 

Chappie, Rev. E. H., The Manse, Warrigal-road, Oakt^l^ S.E12 .. 1919 
Chatter]ee, P, K., c/o Geological Survey of India, 27 Chovringhee, 1946 
Calcutta, India 

Clinton, H. F., ^'Whitehall,” 20 Bank-plac^ Cl .1920 

Cochrane, G. W., B.Sc., Queens College, Carlton, NJ .. 1945 

Collins A. C., 3 Lawrence-strect, Newtown, Geelong ,. .. 1928 

Condon, M. A, B.Sc., 14 Blyth-^rcet, Altona, W.lo .. .. 1937 

Cook, G. A.. M.Sc., $8 Koo>ongkoot-road, Hawthorn, E.2 1919 

Cookson, Miss I. C., U..Sc , 154 Power-street, Hawthorn, £2 .. 1916 

Coulson, A., M Sc., Bndport-street, Daylcsford .1929 

Co wen, Miss Margot E. H., B.Agr Sc. 2 l^abiirn-avetnie. S.E7 .. 1936 
Crespin, Miss 1., B.A., Bureau of Mineral Resources, Mdlioumc 1919 
Buildings, Canberra, A.C.T 

Crohn, P. W., Geology Dept^, University', N J.1946 

Croll, I C. H , M.Sc., 53 The Boulevard, Hawthorn, E2 .. .. 1934 

Croil. K, D, B.Agr.Sc., 18 Kiissell-strect, Camberwell, .. .. 1940 

Dadswell, Mrs, Inez W, M.Sc., 72 Flonzcl-strcct, Burwood, E.13 .. 1939 

Deane, C^ric, 461 St Kilda-rc^, Melbourne, SC2.1923 

Deshpand6, B. G., c/o Geological Survey of India, 27 Chowringhee, 1946 
Calcutta, India 

Dickinson, Miss Jill, B Sc, Forests Commi'ision, Treasu^ Gardens 1944 
Down, Mrs. Mary R., B Agr Sc, 35 Durham-street, HeidcibeTE, NB2 1942 
R A , A.A.A . A A.I 5,57 OAklcigh-road, Carnegie, S£.9 .. 1946 

Fdwards, G R., B.^, High Sichool, Portland.1937 

Elford, F G., B.Sc., B.F.d , 76 New-strect, Brighton, S.5 .. 1929 

EIfnrd, H. S, B.E, c/o Tait Publishing Co., 349 ColUas-strcet, 1934 
^ Melbourne, C1 

Fawcett, Miw Stella G M, M.Sc.. Box 54, P.O., Otneo .. 1937 

Ferguson, W. H., 37 Brinsley-road, E. Camberwell, EB .. .. 1894 
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Tonter, K* C, B.Agr.^ Ph.D^ 6 Gktidoncmvenue, Kcw, £.4 1938 

A. C^9 Pe^and-street. N. Williamitowti. w.l6 .. .. 1933 

GabrJ^I, C. J.| 293 Victoria-street. Abbotsford. N.9.1922 

Gaskin, A, J.. M»Sc., 6 Olive-street. £. Malvern, S.E^ 1941 

Gilfespie. J. M.Se., 22a Mercer-roa<L Malvern, S.EJ .. 1941 

Glad well. R. A., 79 Coebrane-street. ElstcmwicK, S4 1938 

Gordon. Alan, B.Sc^ c/o C.S.I.R., Yaira Bank-road, Sooth Mel- 1938 
boome, S C.4 

Goudiei A- G., B.Agr.Sc, Department of Affrimltnre, Melbourne .. 1941 
'Grieve. Brian J.» M.Sc., Ph.D. O.I.C. Botany School, University, N j 19^ 
Gtmson, Miss Ma^. M.Sc, Zoaloay Dept., University NJ .. 1944 

Hague, A. P. M. Mh c/o Geological Survey of India, ^ Chownnghce, 1946 
Calcutta, India 

Hanks, 7 Lake-grove, Cobuw, N.14 .1930 

Hardy, A. D., 24 Studlcy-aveTiue, Ivew, E.4 1903 

Hauser, H. B., M.Sc., Geology School, University, Carlton, N 3 .. 1919 

Head, W. C. £., uampbell-street, Nhill .1931 

H^sen, Mrs. D., PO., Box 10, Kalangadoo, ^uth Australia .. 1935 
Hill, K. D., D.Sc., F.lnst.r . Phys^ks Dept., University, NJ .. 1946 

Hogan, T. W., 22 ComcU-strect, fiurwo<^, K 13 1947 

HoUand, K. A., 526 Toorak-road, Toorak, S E 2 .. 1931 

Holmes, W. M , M.A, B Sc., 1 Balmoral-avenue, Kew, E4 .. 1913 

Honman. C. S., 3 Faiiy-street, Ivanhoe, N 21 1934 

Hopper, V. D., M Sc., Flnst.P, Physics Dept, University, N. 3 .. 194^) 

Hutchinson, R. C, B.Sc., Dtpt of Agncnlture, Kabaul .. 1939 

Jack A. K., M.Sc., 49 Aroona-road, Caulfield, S.E 7.1913 

Jacob, Dr J , c/o Geological Survey of India, 27 Chownnghee, 1946 
Calcutta, India 

Jacobson, R., M.Sc., 41 Thanct-street, Malvern, S.E 4 .. 1937 


Jessep, A. W., B.Sc , M Agr Sc , Botanical Garden^ Sth. Yarra, S.E 1 1927 
Jona, J. Leon, M.D., M.S., D.Sc., Lister House, 61 CoUins-street, 1914 
Melbourne, Cl 

Kenny, J. P. L, B.C.E., Mines Department, Public Offices, C2 1942 
Kilvin^on, T, M.Sc., Physiology Department, University, N3 .. 1938 
Langham, Miss Beryl, B.Sc, 8 Myrtle-road, Hampton, S.7 .. 1945 

La%^ P. G., M.Sc., Physics Dept, University, N3.1946 

McCucc, D., M.Sc, W Gatehouse-street, Faikville, N. 2 1931 

McLennan, Assoc. Prof. Ethel, DSc, University, Carlton, N-3 .. 1915 

Maepherson, Miu J. Hope, B.Sc, NaUonal Museum, Melbourne .. 1940 

Manning, K., 16 Fairmont-avenue, Camberwell, E6.1940 

Mather, w. B., B Sc., c/o Zoology School, University, N.3 .. .. 1946 

Meihuish, T. D-A., M.Sc., c/o Elliots & Aust Drug Pty. Ltd., 1919 
Terrv-strcet, Roselle, N.S.W. 

Mitchell, A. W. L., B.Sc , 16 Keeron-sirect, Caulfield, S E.8 .. .. 1946 

Mitchell, S R, 22 Grosvenor-street, Abbotsford, N.9.1945 

Morris, P. F, National Herbarium, South Yarra, S.E.l .. ,. 1922 

Moy, A. F., Melbourne Boys High School, Forrest Hill, South 1943 
Yarra, S E 1 

Muihin, Mrs. Rose, M Sc, Bacteriology Dept, University, N.3 .. 1940 
Newman, B. W , B Sc, Meteorologies Bureau, Sydney ,. 1927 

Nyc, E, ^ College of Pharmacy, 360 Swanston-strcct, Melbourne, 1932 

Oke, C, 34 Bourkc-slreet, Melbourne, Cl .1922 

Oibomc, N., 35 Dorrington-avemir, Glen Iris, SE6 .. 1930 

Pinches, Mrs M., 8 Thomaa-strect. Brunswick, N 10 .. .. 1943 

Prentice, H J., B Sc., Strangways, Victoria.1936 

Pretty, R. B., M.Sc, Technical ^hool, Wonthaggi, Vic .. .. 1922 

Raff, Miss J. W., M Sc., F R.E Uiuversity, Carlton, N 3 .. ,. 1910 

Richardson, Sidn^ S, 16 Brcwstcr-strcet, F.sscndon, W 5 .. .. 1923 

Samsom H. R., B&c, 250 Grange-road, Ormond, SE9 .. 1945 

Scott, T. R., M.Sc^ B Ed, 27 Curraiong-avenue, Camberwell, E.6 1934 

Seeger, R C, 56 lenkins-strcrt, Northcotc, N.16.1946 

Shaw, Dr C, Gordon, 57 CIcndon-road, Toorak, SH2 .. 1931 

Sberrard, Mrs. H. M Sc, 43 Robertson-road, Centennial Park, 1918 

N.S.W. 

■Shipp, A., **Cangort," Canterbury-road, Healhmont.1946 
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StliS,L^.M^78He^ber^■tftct. AJbMPu^sEs , 

StaU^ G C t Plmt RetMfth labontiMy SwsMmct; S.I 

TtKAMSk G A, B S« 1 115 Btridcy-ftrcet, IldrdMmc . .» 

Tb6msi^ L A, BSc, c/o Cottnc]! for Socntific and loAiaCrial 
R«ear^ Staathorpe, Qiicfniland 
Tnidiswer, W 27 Gmla'^tfrecC Uorrumbceiui, S£9 ,» 

Tnbb, J A, M ^ p F^thenn Scctioo C S1R, CroimUa, K S W 
Vuey, A J , B Am Sc , Aiumal Heilth Labpritoiy, ParkvUtei N.2 
VaaCyp G B C E , Uiuver*ity Carlton, N 3 
Wei^all Dr Gerald 34 Avoca^reet Sevth Yana, S E1 * • 

White M SI Lilian B Sc., 241 Domain-road, South Yarra, S E.1 . 
Wade, G C BA^Sc Plant Research Laboratory Swao-atreet, 
Burnley £l 

Whincup Mrs ^Ivia, M Sc National Museum Rttssell-street; C1 
Wilcocl^ A A B & B Ed Geology Dept University N 3 
Wood Prof G L|MA Litt DpUmvemfy CarltoUpN3 
Woodbum Mrs Fcntoiu 21 Bayvicw-crescent Black Rock S 9 
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-ANtWAL REPORT OF THE COUNCIL FOR THE YEAR 1946 


Tbe Prerideot atid Council preaent to members of the Society the 
Aim»t Rq>ort and Statement of Receipts and Expenditure for the 
year 1946i The following meetinga gf the Society were held: 

Macdi 14: Annual Meeting. The following office-bearers were 
elected: President, Captain J. IC. Davis; Vice-Presidents, Major D. A. 
Casey, Professor J. S. Turner; Honorary Treasurer, Mr, W. J- Parr; 
Honotusy Librarian, Mr. F. A. Cudmore; Honorary Secretary*, Dr, F. 
L. Stilwell; Members of the Council, Professor E. W. Skeats, Pro¬ 
fessor S. M. Wadhani, Professor R. D. Wright, Dr. R. T. Patton, 
Mr. P. Crosbie Morrison, Mr. W. Baragwanath. 

The following members of Council continued in office Professor 
W. A. Osborne, Professor E. S. Hills, Dr. H. b. Summers, Associate 
Professor O. W. Teigs, Dr. L S. Rogers, Professor L. H Martin. 

The Annual Report and Financial Statement for 1945 were read 
and adopted. 

At the close of the Annual Meeting an Ordinary Meeting was held. 
Lecture: ‘‘Magellan,*' by Captain J. K. Davis, 

April 11: Lecture: “Radar," by Dr, E G Bowen. 

May 9* Lecture: “Brown Coal in Victoria,” by Dr A H Edwards. 

June 13: Papers: “A Fossil Crab from the Lakes Entrance Oil 
Shaft, Gippsland, Victoria," by Miss Irene Crespin “A New Trilo- 
bite from the Yeringian (Lower Devonian) Rocks of Kinglake, 
Victoria," by Rev. E. D. GUI “Dctapod Crustacea (Callianassa) from 
the Eocene of Victoria," by Dr. M F. Glaessner, 

July 11: Paper: “A Survey of Vegetable Matter in the Wool Clip 
of S.E. Australia," by Miss S. J. Church. Lecture- “The Discovery 
and Some Applications of X-Rays," by Dr. C E. Eddy 

August 8: Mr. R. T. M. Pescott was elected Honorary Treasurer, 
fdlowing the resignation of Mr. W. J. Parr owing to ill-health. 
Lecture; “Impressions of a Recent Visit to England and America," by 
John Devine, 

September 12; Special General Meeting. The following alterations 
to the Laws of the Society were agteed to:— 

1. That the words in Law 46. “1st of November in each year," be 
deleted and replaced by “1st March in the year following," and that 
the words, “November meeting,” be deleted and replaced by “March 
meeting in the year following." 

2. That the followi^ new Law be inserted after Law 13 to define 
the duties of the Librarian: “The Librarian shall be responsible for the 
welfare and order of the Library. He shall catalogue the books 
Teceii^ and m that they arc correctly placed upon the shelves. He 
ahall issue notices to members holding bo^s overdue from the library. 
He shall acknowledge ah donations of books, and, when necessary, 
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tho 9 c received in exchange He shall check the index of volumes 
recently received and shall write for any volumes due to the Society 
He shall select the books for binding and shall recommend the books to 
be purchased for the Howitt Memorial Fund He shall bring aft 
requests for exchange of publication before the Council and shall 
report any interruption of an agreed exchange He shall Ale a copy 
of all correspondence in connection with books and shall provide listo 
for the C S 1 K Catalogue of Periodicals 

At the conclusion of the Speaal General Mcetmg an Ordinaiy 
Meeting was held Lecture Calendar Reform by Professor W A 
Osborne 

October 10 Paper Late Quaternary Changes of Sea Level at 
Rottnest Island Western Australia by Dr C Tachert Lecture 
Ihc Royal Society 1 mpire Scicnlihc Confcicncc by Professor E 
Hills 

November 14 lecture The Cult of Humus — A Campaign 
against I crtihscr by Associate Professor G W Leeper 

December 12 Papers A Review of the Palaeoroic Genus Hercy^ 
nella with a Description of Three Species from the Yenngian (Lower 
Devonian) m Victoria, by Rev T D Gill The Origin of the 
Tetrapods by Dr H Leighton Kesteven Lectuie Review of Pro¬ 
gress in the Study and Utilization of Clays by A J Gaskin 

The Use of the Society s Hall for Defence purposes by the 
Army Hirmg Department under the Nitionil Secunty Regulations,, 
terminated during the year A similar arrangement has been entered 
into with the Commonwealth Meteorological Pureau 

During the yeir 18 members 4 country members and 19 associate 
members were elected The totil meinbeiship of the Society on 
Deceml>er M 1046 ^\as 2S'^ consisting ot 8 life members lOQ 
members 29 country members and 116 associate members The 
total at December 194S wis 220 

The Council deeply regrets the loss by death of one life member 
and one country member 

James Andrew Kersh iw died on Februar) 16 aged 79 years He 
was born in Melbouinc in 1866 and educated at the Almi Roul Stite 
School md a grammar school 1 ast Stieet St Kilda He was 
qjpointcd m issistant to iht stiff of the Nitional Museum in 1881, 
and gi\e lift long strvice to this institution He became Curator m 
10(X) and Dircctui iftcr the tesignUion of Sir Baldwin Spencer m 
1029 After his retnement in 10^ he c< tUmued his association with 
tilt Museum as Honoiai) Curator ot Zoology He IocjI a piomiiient 
put in secuiMig the ijcrniincnt rescivition of Wilson s Prumnntor} as 
a biiKtuir\ loi the jncseiv ition of rulne fuini ind fle i i and was 
Ilonotaiv Sccrclaiv of the ConimilUe of Management fiom its mcep 
tion 111 1908 nil 194C) 1 roni an cul> date he was \ I cilow of the 
KomI I ntomologiL il Socicl} of J ond in and m 1927 wis ekclid a 
Coiresponding Mtmbei of llit 7iX)lo^ica1 Societ) of T oiidon He was 
clcited a member of this SoticU in 1900 md served on the Council 
from 1902 til! 19)S He w is Picsident 191S 1919 Hon()rar> Secieiary 
1920 2^ Honoi uv I tbrarun 1924 192S md i luislee fioin 1922 
until his dcith He loninbutcd to the Proceedings in 1910 a paper on 
the Womb It Fhascolomys ur^inu^ bh iw fiom 1 hnders Islmd 
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William Crawford died on July 14 aged 69 years He was bom 
at Newham, near Woodend and educated at the Newham S ate 
3tdioo) Aft^ attending classes at the Working Men s College Mel 
txMime he established himself in business as a plumber and builder 
at Gisborne His mam recreation and relaxation took the form of 
long rambles, or motor cycle tours of the surrounding districts in 
pursuit of gcnlogical interests He thereby accumulated a knowledge 
of the lociu geok^ which was remarkable in its detail He was 
always willing to [dace tins knowledge at the disposal of all who were 
mterested and guide them over the uistnct With Dr W J Hams as 
joint author, he contributed a paper to tlie Proceedings of this Society 
in 1921 on “The Relationships of the SedinicnUry Rocks of the 
Gtsbome District In 1939 with Dr A F h dwirds as joint author 
he contributed a paper on The Catno7oic Rock^ of the Gtsbome 
District He was elected a Country Member of the Society tn 1920 
The attendances at the Council Meetings were as follows Mr 
Baragwanath, 10 Captain Davts 10 Professor Skeats 10 Mr 
Oidmore 9, Mr Morrison 9 Dr Rogers 8 Dr Summers 8 
Professor Turner 7 Mr Casey 6 Professor liills 6 Dr Patton 6 
Dr Stilwell 6, Associate Professor Tiegs 6 Professor Wadham 6 
Professor Martin 5 Professor Osborne 5 Mr Parr 5 Professor 
Wnjrtt S, Mr Pescott 4 

Dunng the year 2674 volumes and parts were idded to the library 
This is more than double the number received for the preceding year 
and indicates a considerable measure of resumption of overseas 
exchanges which were interrupted by the War 

Volume 57 of the Proceedings of the Society was issued in Apnl 
The publication of this volume was assisted by i credit of £100 made 
avail ible at the Grovemment Printing OflFice by the State Government 
and by grants from the University Publicitions I und towards the cost 
of publishing papers from the Science Departments of the University 
of Melbourne The Council desires to record its thanks to these bodies 
for this assistance Congestion of woil it the Government I nnling 
Office has caused long delays in the issue of the Proceedings 

HONOKARY TKP ASUKT R S Kh PORT 
The hnanaal position of the Society n ntmucs to Ik sUisfuttry 
The credit balance at the bank at December 31 1946 was £488/4/1 
as against £302/4/S at the end < f the previous year It is pleasing to 
be able to report an incrca c in membership 

The publication of the Trxetdings is m w cightc n in nths in 
arrears and on this account the cish lalancc is cfnsidtr bly laigci 
than would otherwise be the case 
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/^inanuff/ ^iaUmcnt for Year endmg Dicrmber 31 1946 
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